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Ordinary Meetings. 

Wednesday Evenings at Eight o'Clock :- 

May 1. — •" Oa a Machine for Typo-writing." 
John Pratt, Esq., of Alatama, U.S. 



By 



Cantor Lectures. 

Mr. Bullae's course, " On Music and Musical 
Instruments," will be extended by two additional 
lectures, as follows : — 

Lecture VII. — Monday, April 29. 

Musical Instruments {continued). — -The Bow — The 
Key-hoard — The Violin — The Organ — The,Clavichord. 

Lecture VIII. — Monday, May G. 

Modern Instruments, Chamiieii and Orghestual. — 
The Pianoforte — Combination of Instruments — The Or- 
chestra. 

The concluding lectures of Mr. Chaffers' 
course, "On Pottery and Porcelain," will be 
delivered as follows : — 

Lecture VI. — Monday-, May 13th. 
English Pottery. — Fulham — Lamheth — Yorkshire 
— Shropshire — Liverpool — Staffordshire — Etruria — 
Wedgwood's Wares, &c. 

Lecture VII. — Monday, May 20th. 
English Porcelain. — Bow — Chelsea — Derby — Wor- 
cester—Liverpool — Wales — Plymouth — Bristol — Lowe- 
stoft — and other Manufactories — Battersea Enamel, &c. 

The lectures commence at eight o'clock, and 
are open to members, each of whom has the 
privilege of introducing one friend ; tickets for 
this purpose are forwarded with the present 
number of the Journal. 



Artizans' Visits to Paris. 

The Council of the Society of Arts, feeling 
the importance of promoting the intelligent 
study of the Paris Exhibition and the manufac- 
turing establishments in France by artisans of 
the United Kingdom, have appointed a Com- 
mittee in furtherance of this object. The fol- 
lowing gentlemen constitute the Committee : — 

Hon. and Kev. S. Best. 

D. Eoberton Blaine, Memb. 
of Council. 

W. H. Bodkin (Assistant- 
Judge), Vice-Fres. 

Sir J. P. Boileau, Bart., 
Vice-Pres. 

E. K. Bowley. 
Antonio Brady. 
Rt. Hon. H. A. Bruce, M.P. 
Decimus Burton. 
C. Buxton, M.P. 



Et. Hon. C. B. Adderley, 
M.P. 

C. W. Aitken. 

Edward Akroyd,M.P., Vice- 
Fres. 

Sir W. G. Armstrong, C.B. 

A. S. Ayrton, M.P. 

S. A. Beaumont. 

John Bell, Memb. of Council. 

Professor Bentley, Memb. of 
Oouneil. 

Lord Bemers, Viee-Frea. 



The Earl of Caithness, Vice- 
Fres. 

Lord Eustace Cecil, M.P. 

R. L. Chance. 

Harry Chester, Vice-Fres. 

The Masters of the City 
Companies. 

Henry Cole, C.B., Vice- 
Fres. 

Robt. Coningsby. 

Rt. Hon. W. Cowper, M.P. 

Sir Francis Crossley, Bart., 
M.P. 

J. Bailey Denton, Memb. of 
Council. 

Lord de I'lsle and Dudley, 
Vice-Fres. 

The Duke of Devonshire. 

Charles Dickens. 

James Easton, Memb. of 
Council. 

C. W. EboraU. 

Lord Ebury. 

Lord Elcho, M.P. 

William Fairbaim, F.R.S. 

Professor Fawcett, M.P. 

Peter Graham, Memb. of 
Council. 

The Earl Granville, K.G., 
F.R.S., Vice-Fres. 

The Earl Grosvenor. 

Mr. Hansard. 

G. W. Hastings. 

Wm. Hawcs, F.G.S., Vice- 
Fres. 

J. Pope Hennessy. 

Sir Rowland Hill, K.C.B. 

Chandos Wren Hoskyns, 
Vice-Fres. 

T. Hughes, M.P. 

Blanohard Jerrold. 

Rev. C. Kingsley. 

Hon. A. F. Kinnaird, M.P. 

Lord Henry G. Lennox, 
M.P., Vice-Fres. 

The Bishop of London. 

The Sheriffs of London and 
Middlesex. 

The Council, on the recommendation of the 
Committee, have passed the following mi- 
nute : — 

At the last and former International Exhibitions held 
in this country, arrangements were made by the French 
Government to facilitate the visits of skilled artizans, 
and interesting reports on the exhibitions were made by 
them to their government. Believing that such visits on 
the part of skilled workmen to these great international 
displays not only exercise a beneficial influence upon 
the men themselves, but also upon the progress of in- 
dustry in the country to which they belong, the Council 
of the Society of Arts have resolved to raise a fund to be 
employed in "aiding a limited number of English work- 
men to proceed to Paris for the purpose of studpng the 
present French Exhibition. 

To carry this object into effect, they have agreed on 
the following plan : — 

1st. That a number of selected workmen (the numbei, 
to depend on the amount of funds at the disposal of the 
Council) shall be assisted to proceed to and remain in 
Paris a sufficient time (say three weeks), for the purpose 
of making a careful study of the exhibition, and of such 
factories and workshops as they may desire to visit. 

2nd. That every man so assisted shall, on his return, 
make a report to the Society of what he has observed 
during his stay, in reference to the special industry in 



Rt. Hon. Robt. Lowe, M.P- 
Lord Lyttelton, Vice-Fres- 
Archbishop Manning. 
Henry Maudslay, Memb. of 

Council, 
Rev. F. D. Maurice. 
The Lord Mayor. • 
J. Stuart Mill, M.P. 
Rev. Dr. Miller. 
The Bishop of Oxford. 
J. Slaney Pakington, Memb. 

of Council. 
Right Hon. Sir John .S. 

Pakington, Bart., M.P., 

J^ice-Fres. 
Alderman Sir B. S. Phil- 

UpB. 

Sir Thomas Philips, Q-C, 
F.G.S., Vice-Fres., Chair- 
man of the Council. 

The Diike of Richmond. 

Rev. W. Rogers. 

The Marquis of Salisbury, 
K.G., Vice-Fres. 

Titus Salt. 

Sir Francis Sandford, Vice- 
Fres. 

Colonel Scott, R.E., Memb. 
of Council. 

The Earl of Shaftesbury. 

Benjamin Shaw, Memb. of 
Council. 

Sir J. P. Kay Shuttleworth, 
Bart., Vice-Fres. 

S. Smiles. 

Seymour Teulon, Treasurer. 

Thomas Twining, Vice- 
Fres. 

Alderman Waterlow,ife»ii. 
of Council. 

E. W. Watkin, M.P. 

G. Watts. 

George F. Wilson, F.E.S., 
Memb. of Council. 

Vice-Chancellor Sir Wm. 
Page Wood, F.E.S., Vice- 
Fres. 
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■which he is engaged, and that it be made a condition of 
the grant to each man that one-third of the amount be 
retained until his report shall be supplied to the Society. 

3rd. The Council think it will be undesirable to fix 
the exact time for, or to prescribe the duration of, these 
visits, or to interfere with any of the arrangements the 
men may desire to make for their own accommodation ; 
but, in order that they may take advantage of the 
facilities provided by the Commission organised by the 
French Government for the study of the exhibition, the 
men will be placed in communication with that Commis- 
sion on their arrival in Paris. 

4th. A considerable sum will be required satisfactorily 
to accomplish the important object undertaken by the 
Society, and, in order to raise these funds, the Council 
have determined to appeal to the members of the Society, 
who must bo interested in the successful results of this 
movement, in the belief that they will not hesitate to join 
in a subscription for the furtherance of the undertaking ; 
and they propose at the same time to communicate with 
the various Chambers of Commerce, inviting their counsel 
and support. The Council have decided to commence 
the subscription by a vote of one hundred guineas from 
the funds of the Society. 

The following report has been made by the 
Secretary : — 

To the Council of the Society for the Encouragement of 
Arts, Manufactures, and Commerce, 

Gentlemen, — In compliance with the directions of 
the Council, I proceeded to Paris for the purpose of ascer- 
taining what arrangements were likely to be available 
with regard to the lodging and boarding of such artizans 
as might visit Paris under the auspices of the Society. 

I soon found, from inquiries made in various quarters, 
that little information of any value, as to the probable 
cost of private lodgings generally, or as to what lodgings 
would probably be available, was likely to be obtained ; 
indeed, any figures or statements under this head at that 
time were not likely to be of any use, or in any way to 
be a guide to the deliberations of the Committee. 

The prices asked at that time were exceptionally high, 
but there was every reason to believe that a reaction 
would take place, and that, after the exhibition had been 
open a short time, these prices would diminish. 

Mr. Cook, the well-known excursionist, I found was 
prepared to contract for the lodging and boarding of 60 
artizans per week, supplying two substantial meat meals 
per diem, for 5s. per head per day. I subsequentlj'- placed 
myself in communication with M. Le Play, the General 
Commissioner of the Exhibition, who informed me that a 
Special Commission had been formed, under a ministerial 
decree, for oifecting the very objects I was in search of, 
and_ he gave me a special letter of introduction to the 
Chairman of that Commission, Mens. Devinck, formerly 
President of the Tribunal of Commerce for the Depart- 
ment of the Seine, and I had two interviews with that 
g:entleman. It appears that the object of this Commis- 
sion is to raise, by subscription or otherwise, funds for 
facilitating the visits to the exhibition of foremen, work- 
men, or labourers connected with industrial and agricul- 
tural pursuits, and for enabling them to study the exhi- 
bition in all its aspects. 

The Commission proposes to raise a fund (to which the 
Emperor and Empress have subscribed largely) in order to 
provide lodging and board at a cheap rate for artizans, to 
assist workpeople in their travelling to and from Paris, 
and to supply gratuitously medical aid in case of sickness. 
Mens. Devinck informed me that the Commission ex- 
pected to have under their control five thousand beds. 
These are situated in different parts of Paris and the 
outskirts. They have had placed at their disposal large 
buildings and barracks, and some of a temporary cha- 
racter have been specially erected in the neighbourhood 
of the exhibition, which wiU be furnished suitably for 



the purpose, and beds wiU be arranged in the rooms, 
four and upwards in each room. In one of the buildings 
it is said that several hundred beds will be placed in 
one room. 

Arrangements are made for breakfasts and dinners on 
a large scale and at a cheap rate, in a building erected 
for the purpose, with access to the Champ de Mars, where 
1,000 persons can take refreshments at one time. 

These arrangements, more especially those for aiding 
workmen gratuitously in their travelling expenses, were 
intended for French workmen, but at the same time all 
the organisation of the Commission is intended to be 
available for the workmen of other countries. 

It is also intended that guides, speaking English and 
such.other languages as may be necessary, shall be pro- 
vided to conduct the men over such workshops as they 
may wish to visit. M. Devinck stated that on receiving 
notice a sufficient time beforehand, the Commission 
would be prepared to provide lodging for such men as 
might be sent over and recommended to their considera- 
tion by the Society of Arts, at a payment of one franc 
per night per head. Their breakfasts — a substantial 
meal of meat — and dinners would be obtainable in the 
building I have before named, at one franc per head for 
each meal. — I am, &c., 

P. Le Neve Fostek, Secretary. 

P.S. — Since writing the above, I have received the 
following tariff of prices at the restaurant referred to in 
my letter: — 

Gkaxd Eestaukant Omnibus, Parg de L'Exposmoir 
(Avenue Lamotte-Piouet). 

Prix des oij'ets de eonsommation. 

Pain Ofr. 10c. 

Vin, le carafon 15 

Biere, la chope 25 

Bouillon 15 

Potage 20 

Boeuf 25 

Legumes 20 

Fromage 15 

Cafe avee eau-de-vie 30 

Eoti avee legumes 40 

On pent demander un seul des objets de eonsommation 
ci-dessus mentionnes. 

Le consommateur, en apportant son pain, pent se pro- 
curer pour Ofr. 40c. V ordinaire (bouillon et boeuf). 

Members are invited to aid the Council in this 
undertaking by subscriptions, which should be 
forwarded to the Financial Officer at the Society's 
house. 



The Council have received offers of co-opera- 
tion from a Committee for promoting cheap ex- 
cursions to the Exhibition, formed under the 
auspices of the " Working Men's Club and In- 
stitute Union," and of which Mr. A. H. Layard, 
M.P., is President, and Mr. Hodgson Pratt, Vice- 
President. This Committee has issued a notice 
to the effect that working-men may travel " to 
Paris and back, with one week's lodging," for 
30s., or " with meat breakfast and superior bed 
accommodation," 44s. Gd. They estimate the 
total expense of stay (for one week), journey, 
and Exhibition ticket, at £3. Registration 
tickets, and every information relative to these 
excursions may be obtained from the Secretary, 
Mr. W. 0. Pocklington, at 160, Strand, and at 
various Working Men's Clubs and Institutes. 
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HAKVBSTINa OF CoRN IN WeT WkATHER. 

The Council of the Society of Arts have 
resolved to offer the Gold Medal of the Society, 
and a Prize of Fifty Guineas, for the best Essay 
on the Harvesting of Corn in Wet Seasons. 

The first part of such essay — after noticing the various 
systems at present adopted in damp climates for counter- 
acting the effects of moisture upon cut com in the 
field, and for avoiding such exposure in wet seasons 
hy peculiar harvesting processes — should furnish a 
practical and analytic exposition of the hest available 
means : — 

1st. Whereby cut com may be protected from rain 

in the field. 
2nd. Whereby standing com may, in wet seasons, bo 

cut and carried, for drying by artificial process. 
3rd. Whereby com so harvested may be dried by means 

of ventilation, hot air, or other methods ; with 

suggestions for the storage both in the ear and 

after threshing. 
4th. Whereby com, sprouted, or otherwise injured, by 

wet, may be best treated for grinding or feeding 

purposes. 

The whole to be supplemented by a statement of prac- 
tical results, and actual cost of each system described ; 
and authenticated estimates of any process proposed 
for adoption, based upon existing but incomplete ex- 
periments. 

The above requisitions are given suggestively ; not to 
bind the writer to the order or to limit the treatment of 
the subject, provided it be kept within the scope of 
practical experience and utility. 

The essays must be sent in to the Secretary 
of the Society of Arts on or before the 1st of 
January, 1868. 

The Council reserve the power to withhold the 
whole or part of the prize, in the event of no 
essay being, in the opinion of the judges, of 
sufficient merit. 

Subscriptions. 
The Lady-day subscriptions are due, and 
should be forwarded by cheque or Post-office 
order, crossed " Coutts and Co.," and made 
payable to Mr. Samuel Thomas Davenport, 
Financial Officer. 



• 

Food Committee. 

A meeting of the Sub-Committee on Milk 
was held on Friday, the 29th March. Present — 
Lord de L'Isle in the chair : Mr. Harry 
Chester, Mr. Caird, Mr. C. S. Read, M.P., Mr. 
Ludford White, and Mr. J. C. Morton. 

Mr. W. Hope, in reply to questions by the sub-committee, 
said that he was connected with the Dairy Reform Com- 
pany, the chief depot of which is at the West-end of 
London, and the intention was to establish branches 
in as many districts of London as possible for the sale 
to the public of pure unadulterated milk. At present 
there was only a private partnership, but it was called 
by the name of the Dairy Reform Company, in the first 
place to indicate its objects, and in the next place with 
a view to give it more extension hereafter. At present 
arrangements were made for the daily supply of milk 



from about 300 cows, and the milk was brought to the 
establishment by road in the company's own vans, 
so that if possible there should be no tampering with 
it. They had already made arrangements for the 
sale of skim milk and a smaU quantity of new milk 
to the poor in Whitechapel. They had also a branch 
in Westminster, at which about twenty or thirty 
gallons of milk were sold per day. Upon the branch in 
Whitechapel being opened a dealer in that neighbour- 
hood made an application to the company to make ar- 
rangements for the sale of the milk to him, instead of its 
being supplied through their own agent ; but on inquiry 
being made into his character it was found that he was 
a person who would not be likely to carry out the objects 
of the company with regard to the quality of milk they 
wished to supply, and the application was refused. It 
was ascertained that he immediately afterwards went to 
the agent and offered him £20 to retire, and a little 
time after subscriptions were made by the dealers in that 
locality amounting to £100, which was offered to the man 
to induce him to retire from the agency of that branch. 
The agent however withstood the temptations of these 
offers, and the business of retailing new milk was con- 
tinued amid many oppositions and annoyances on the 
part of the dealers. Those who dealt at the company's 
shop were subjected to personal interruption by a number 
of rough people employed to molest them. This having 
been put a stop to by the police, the opposition had placed 
some persons with a can of milk opposite the shop, and en- 
gaged men to " tout" the milk as that which the company 
really supplied, and many people discovered the imposition 
by the quality of the milk they thus obtained. He might 
say there was the most determined and organised oppo- 
sition to the introduction of pure milk by the company 
into that quarter of the metropolis. The opposition par- 
ties reduced the price to a penny per pint by the addition 
of a certain quantity of water, and the agent was 
subjected to numerous remonstrances as to the quality of 
the article by the peirents of children who had been sent 
by them to get milk at the branch, but who had been 
induced to buy that supplied by the competing parties. 
One of the principal — he believed the largest mUk dealer 
at the West-end, came to the company in a very friendly 
spirit, and, with many professions of desire to put a stop 
to the " tricks of the trade," made various offers to buy 
milk of the trade. Among other offers was one to take 
12 to 15 barn gallons of skim milk per day, stating that 
he had a contract to supply a workhouse with that quan- 
tity of new milk, and that the price at which the contracts 
for these establishments were let precluded the possi- 
bility of new milk being supplied unless it was well 
watered. The company had been applied to for tenders 
for various places, but on ascertaining the prices usually 
paid they refused, as it was impossible to supply pure 
milk on such terms. The prices varied from Is. 4d. to 
Is. 6d. and Is. 8d. per "bam" gallon delivered. He 
believed the dealers received 17 pints as the barn gallon 
from some farmers. The company sold 16 pints to the 
bam gallon, this being the quantity which they received. 
The per-centage of waste in retailing 16 pints of milk 
in the small quantities usually sold to the customers by 
the milk carriers depended very much upon the careful- 
ness of the milk-carriers in serving it out. In the 
company's shop he did not think the waste would be 
more than a quarter or half per cent. Most dealers 
did not profess to sell skim-milk, but they were ready 
to buy any quantity of it. The company had sold 
skim-milk at Is. per bam gallon, or Ijd. per quart. As 
far as he had been able to ascertain, no new milk was 
sold in London except that which^was supplied for the 
use of infants and invalids. He believed some dealers, 
if they got a good contract, did supply genuine milk, 
but the price they got would be equal to about 5d. per 
quart. The price of milk at the West-end at the present 
time had been reduced since the company supplied milk 
at 4d. per quart. As he passed a dairy in Brook-street 
that day, he saw the prices put up— New milk, 4d. ; 
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skim-inilk, 2d. ; and cream 4s. per quart. With regard 
to the quality of milk sold generally in. London, 
he took the existing evidence on that subject, chiefly 
that of Dr. Letheby and the statistics Mr. Morton 
had given, showing that the milk supply of London 
was derived from about 30,000 cows. Dr. Letheby 
stated, in his report to the Corporation of the City 
of London in 1854, that the addition of water to 
the milk amounted to about 30 or 40 per cent., and 
so if an Act were passed, rendering the use of water 
for the reduction of the quality of milk practically im- 
possible, an increase of 60 per cent, in the number of 
cows from which the supply of mUk to London was de- 
rived would be necessary to keep up the existing supply. 
Before the company's shop was opened they sold a large 
quantity of milk — about 70 barn-gallons per day, to a 
dealer at the East End. He bought it on the farm, and 
brought it away at his own expense, and he made his 
living out of it, although he stated he had a contract for 
a workhouse at Is. 6d. per gallon, or 2d. less than he 
paid for it. The company made a tender for the supply 
of the Brompton Hospital at Is. 3d. per imperial gallon, 
the milk being guaranteed to contain 12 per cent, of 
cream. That would be about 3f d. per quart. MUk varied 
very much in quality, even when not tampered with. 
Cows which had recently calved yielded richer mUk than 
those which had calved five or six months ; the milk of 
a young, vigorous cow was richer than that of an old 
animal. The best cows would yield considerably more 
than a pailful of mUk at each milking, a pailful being 
about eight quarts. It was difficult to state what would 
be the percentage of cream from a bulk of mUk taken 
from a number of cows of different ages and condition 
of circumstances, and it could only be done by a know- 
ledge of the general average quality of the milk so mixed 
together, but the company had offered to guarantee 12 per 
cent, of cream in the mUk they supplied. He could not say 
what was the average percentage of cream contained in 
London milk. It varied in different districts. The 
company had sent large quantities of skim milk to a 
charity in Soho-square, which was distributed to the 
poor gratuitously, and he had been assured that the 
skim-mUk so sent was better than what the dealers 
charged 5d. per quart for. The quality of the mUk 
of course depended very much upon the food of the 
animals. The company's supply was derived from a 
large dairy-farm near Barking. The cows there were 
fed on mangel-wurzel, hay, and grains. Some barley- 
meal was given to the cows which were heavy in milk, 
and those which were shrinking in milk were fattening. 
Mr. Hope further stated that dairy farmers could sup- 
ply the dealers with milk wholesale at 2d. per quart de- 
livered in London, but he thought there was very little 
delivered quite genuine at the stations. Many of the 
farmers no doubt adulterated their milk to a certain 
extent before they sent it away. He should say a large 
proportion of it was adulterated. 

_ Mr. Caikd remarked that where neither of these prac- 
tices was resorted to, there was no produce which yielded 
so large a profit to the farmer as milk at 2d. per quart. 
He would, therefore, like to know how it was the com- 
pany could not supply milk at less than double that 
price ? 

Mr. Hope replied that the company paid 20d. instead 
of 16d. per gallon; that was the price paid to the 
Barking Farm Company. The carriage cost about 
2|d. per bam gallon delivered at the depot. 

Mr. LuDFOED White asked what profit Mr. Hope 
thought the retailer ought to have per gallon to pay 
him for his trouble. 

Mr. Hope thought that a small dealer required a margin 
of profit of Is. per bam gallon, or 6d. per imperial gaUon, 
to pay for the transit from the station and the delivery in 
town, to cover waste, wear and tear, and wages. The 
quantity of mUk taken by each customer was small, 
and the labour of retailing it was great. The ex- 
perience of the company had as yet been short, but as 



far as it went "he should say that no milk-carrier on foot 
could retaU more than 80 quarts in the two deliveries 
per day. That depended, of course, upon the number of 
separate deliveries and the distance between the cus- 
tomers. Sixty quarts per day, he thought, would be as 
much as some carriers could deliver on an average. 

Mr. Caied remarked that the question was whether, 
if mUk could be produced to yield a good profit to the 
farmer at 2d. per quart, it could not he sold by the 
dealers at less than double that price, and give a fair 
margin of profit to them ? 

Mr. Hope said the whole question turned upon the 
purity of the article supplied. He thought the reason. 
why there was not a greater demand for mUk in Lon- 
don was because people felt that they could not get it 
genuine, and therefore used as little of it as possible ; 
and though the dealers got it at prices from Is. 2d. to 
Is. 4d. and Is. 6d. per gallon, untU lately they had 
been charging 5d. per quart for what they called new 
milk. 

Mr. Chester inqiiired what security the company had 
that the milk they sold to dealers, and that which was 
distributed by their own carriers, was not tampered with 
before it got to the consumers ? 

Mr. Hope said of course, in the case of dealers, the 
action of the company ceased upon the delivery of the 
genuine milk to them ; but in the case of their own 
carriers the cans were sealed at the top before they were 
sent out, and if the customers saw the milk drawn by 
the man they could ensure having the genuine article at 
their own doors. Adulteration by water could be detected 
by the lactometer. 

The Chaikman suggested that cream, from its much 
greater price, offered greater temptation to adulteration 
than milk. 

Mr. Hope replied, that the dealers "protected" them- 
selves in another way, namely, by the measure given. 
When the company was organised ho went to the per- 
son who made the smaU delivery cans for the principal 
dealers in London, to order some dozens of cans ; and in 
speaking of those which were wanted for cream he asked 
" Do you want them ' fuU ?' " which he found meant 
whether he required them to be of full measurement. 
He then learnt it was the " custom of the trade" to 
have cans for cream which held twenty-five per cent, 
less than the proper measure. A large West-end dealer 
offered to purchase the cream of the company at 2s. 6d. 
per quart, which he sold at 5s. and 6s. per quart. In 
course of conversation he (Mr. Hope) asked him if he 
gave the fuU measure in cream ; to which he replied, 
" Oh, yes ; that is to say we give full ' cream' mea- 
sure," and implied that was as much understood by the 
public in the article of cream as the wine-merchant's six 
bottles to the gaUon of wine. A smaU measure was 
thus adopted for the more valuable commodity of cream. 
It was, no doubt, a more difficult operation to adulterate 
cream than milk, but he believed the dealers more 
generally " protected" themselves by the short measure. 
'The public got a genuine article, but 25 per cent, 
short of the measure. The dealers bought the cream 
full measure, by the imperial quart or gallon. When 
asked why he preferred to pay 20d. per gallon for the 
mUk from this farm instead of Is. 4d. for that delivered 
at the railway stations, the reply of one dealer was, 
" There is a great deal more ' room' in it ; " which led 
him to infer that the farmers sent out their milk adul- 
terated to a certain extent. He had seen a great deal of 
tampering with milk at the railway stations on the part 
of porters. He had seen them tipping the cans over and 
filling jugs from them. 

Mr. Bead suggested that it was the practice of some 
dairy farmers to give food to cows with a view to the 
quantity rather than the quality of the mUk they pro- 
duced. 

Mr. Hope hardly thought that coiirse would be adopted 
by an intelligent farmer. Milch cows required the best 
food to keep them in constant milk. Grains tended to 
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Increase the quantity of milk but did not improve the 
quality of it, and required a corrective. 

Mr. Chester asked if it was part of the plan of the 
company alluded to to open branches in other parts of 
London ? 

Mr. Hope replied that they hoped to do bo eventually 
in every part of London if possible, and he had no doubt 
Is. 4d. per gallon would be the price at which the 
Farm Company would be able to sell their milk. He 
believed the company or their tenants would make an 
ample profit at that price, and he had no doubt, as the 
expenses of the milk company were diminished, and as 
their business increased, they would be able to reduce 
their margin of profit from IJd. to Jd. or Jd. per quart. 
Mr. Hope then proceeded to explain the plan which 
had been adapted by the company for collecting the cream 
from the surplus milk, and also their experience in 
making butter from the new milk on their own premises. 
As far as the experiment had gone at present, using the 
atmospheric churn, the yield of butter had been as 
much as an average of ly\ths of a pound of butter 
from two imperial gallons of milk. That was no 
doubt in excess of the yield of ordinary new milk. 
There was some difficulty in the use of the atmospheric 
chum, from the extreme nicety to which it was necessary 
to regulate the temperature of the churn. The best yield 
of butter was at 68". If it were raised above that, such 
butter as was produced was of a lardy appearance and 
of a colour which made it unsaleable, and the quality 
was not good. There was sometimes difficulty in getting 
the precise temperature required. The residue under 
the operation of the atmospheric churn was nothing but 
pure skim milk, perfectly sweet. It was not what is 
usually termed buttermilk. The butter, when produced 
in sufficiently large quantities, was sold in Newgate- 
market at Is. 6d. per lb. ; and none but very freshly 
made butter was sold in the company's shop at 22d. per 
lb. at the present time. He had not found that any pre- 
judicial effect was produced on the mUk by the carriage 
from the farm to the establishment in London so far as 
its churning qualities were concerned. As the result of 
some consideration of the subject, and looking to the 
natural laws by which the process of the rising of the 
cream upon the surface of the milk was governed, he 
had tried the experiment of "setting" the milk in deep 
and narrow metallic cylinders, instead of the ordinary 
method of doing so in wide and shallow vessels. The 
result was that in the long and narrow cylinders the 
cream rose more quickly than was the case in the shallow 
vessels, and, forming a compact mass at the top, it could 
be dipped out with much less labour and in much less 
time than was required to skim the same quantity of 
cream off the surface of the shallow vessels, and there 
was a less quantity of surface cream left upon the milk. 
Where there was a large quantity of milk to be "raised," 
and when the shallow vessels were used for the purpose, 
it occupied two women the whole of the day in skimming 
off the cream, whereas by the use of the deep cylinders 
the cream was removed by dipping out the mass which 
formed to a considerable depth at the top of the cylinder. 
The results of the latter method of raising the cream 
were tested in the first instance in a glass tube about 16 
inches high and two inches diameter. This tube was 
filled with new milk in order to see whether his assump- 
tions were based on fact. The mUk was placed in the 
tube at half-past nine o'clock in the morning, and at five 
minutes past 11 nearly the whole of the cream had risen. 
His partner, who was at first sceptical on the point, after- 
wards admitted that the theory was proved to be correct. 
That plan he believed would in future be acted upon in 
the establishment, and his endeavour would be directed 
to obtaining large glass cylinders, five or six feet in 
height and nine inches diameter, in which to raise the 
cream in the manner he had described. By the use of 
glass cylinders the line of demarcation between the two 
liquids could be exactly ascertained, and the removal of 
the cream be conducted accordingly. The wasting sur- 



fece of cream by this method was nothing in comparison 
to that which would exist in the nine or ten shallow 
dishes that would be required for raising the same quan- 
tity of milk as was contained in a cylinder of the dimen- 
sions he proposed to adopt. Temperature had much to 
do with the rapid rising or otherwise of the cream. The 
company had painful experience of that during the recent 
very severe weather. The cream would not rise, and 
the milk had to be sold, or rather given away, to the 
company's loss. 

Mr. Caird mentioned that when travelling in Sweden 
in the summer time, he was much struck by the practice 
which was adopted by a large and thoroughly experienced 
dairy farmer, of placing the vessels containing the mUk 
from which the cream was to be raised, in water cooled 
by pieces of ice being placed in them. The reason given 
for this was that it caused the more rapid rising of the 
cream; that was a plan adopted by a man of great 
intelligence and practice ; and, therefore, he concluded 
it was based on sound conclusions, although differing 
from his preconceived ideas on the subject. 

Mr. Hope suggested that the satisfactory results 
mentioned by Mr. Caird might have ensued from the 
depth of the vessels in which the milk was contained, 
rather than the icing of the water in which they stood. 

Mr. Caird said it was not so, because careful experi- 
ments were made without the ice, and the results were 
not so satisfiictory. It was found that the ice had the 
effect of hastening the separation of the cream. This 
practice was adopted in a dairy of 300 cows. The little 
wells of water in which the vessels were placed were a 
very simple affair, and the whole thing did not involve 
any great expenditure of money. 

[The French milk can which had been sent to the 
Committee from Paddington Station having been exhi- 
bited to Mr. Hope, that gentleman expressed his un- 
qualified approbation of it, both as regards its handy 
size and the material of which it was constructed, as also 
the mode in which the top was fitted in, so as to prevent 
the agitation of the milk in travelling by railway or 
other conveyance.] 

Mr. Brooks, an officer of the London and North- 
Western Railway Company, having been introduced to 
the sub-committee, 

The Secretary read a return of the gross quantity of 
milk carried on the above railway, which had been fur- 
nished from that company, as follows : — 

No. of gallons. 

1. Milk brought to the Euston-square "j 
terminus in the year ending Decem- >■ 

ber, 1865 J 490,320 

Ditto in year ending December, 1866 . . 1,209,284 

2. The stations from which the milk arrives at the 
Euston terminus are the following, viz., Aylesbury, 
Bletchley, Cheddington, Claydon, Crick, Dunstable, 
Leighton, JIarston G-ate, Newport Pagnell, Northampton, 
Rugby, Swanbourno, Tring, UUesthorpe, Winslow, and 
Wolverton. N.B. — The quantities received from each 
station cannot be arrived at with any degree of accuracy, 
from the mode of keeping the accounts not being framed 
with such an object in view. 

3. The company run one special train with milk from 
the country daily, and return the empty cans in like 
manner. 

4. The milk is conveyed [in cans provided by the 
senders] on open carriage trucks, and no special mode of 
stowage is resorted to. 

Mr. Brooks said, in reference to the figures just 
read, there was a considerable falling off in the quantity 
of milk carried since the period embraced in this return. 
He had taken out the last week's cash receipts for car- 
riage of milk, and he found they were only £83, or equal 
to about £4,300 a-year, as compared with the correspond- 
ing period in 1866, when it was £229, or equal to about 
£1 2,000 a-year. He accounted forthis decrease by stating 
that the London milk trade was regaining its normal con- 
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dition previous to the cattle disease breaking out. The 
same rates were charged this year as last. The charge 
for a distance not exceeding 100 miles was 1 Jd. per gallon, 
and exceeding 100 miles 2d. per gallon (imperial). When 
the great increase in the traffic commenced, milk was sent 
up from places 180 and 200 miles distant — from Hudders- 
field, Macclesfield, &c. The greatest distance from which 
milk was sent now was ahout 95 miles. The largest 
quantity of butter sent from any place on the London 
and North-Western line was from Aylesbury, but that 
did not come under his attention, as the carriage of that 
article was by goods trains. He did not think any 
material improvement could be made in the carriages 
which were used for the conveyance of the milk, 
carriage trucks being now used for that purpose. Those 
now used were about as well constructed in respect of 
the springs as they could be, and it was desirable that 
the milk should be as little shaken on the journey as 
possible. Ho thought the size and form of the French 
milk can much better than that in use in this country. 
He considered it an advantage that the milk should 
be fixed as solidly as possible in the cans, but he had 
heard no complaints as to the condition of the milk 
being deteriorated by the journey on the railway, 
although he thought it might be somewhat affected in 
hot weather; but that, he believed, depended a good 
deal on the quality of the milk and the distance travelled. 
Mr. Morton (being appealed to on this point) said the 
liOndon-produced mUk sold at a higher price than that 
which was sent from the country, the highest price 
paid by the dealers being for the milk which they them- 
selves milked. 

Mr. Brooks said the French can was much more 
convenient to handle at the station. It was a stipu- 
lation with the dealers that their men should assist 
the porters in unloading the cans, because the cans 
were too heavy to be handled by one person. The 
weight of a can filled with milk would be near 
upon 200 lbs. The trade came to be of such an ex- 
tent as to lead to the putting on of special trains for 
the purpose. They were timed as passenger trains, 
and passengers could travel by them if they pleased. 
The milk was brought to the various stations in time 
for the arrival of the milk trains. One train arrived 
in London at a quarter to twelve in the forenoon: 
that was for the afternoon supply ; and the second train 
arrived about half-past eight in the evening : that was 
for the next morning's supply. The reason for putting 
on the special milk train was owing to the impediment 
to the ordinary passenger trains caused by stopping at 
the stations to take \ip the milk. With regard to 
improvements in the method of carrying milk and 
cream long distances, Mr. Brooks mentioned that, 
during the time of the greatest scarcity of milk, 
an arrangement was made for bringing cream from 
a distance as remote as Carlisle, and that was done 
by the article being placed in small cans — much 
smaller than the French milk can — and carried suspended 
in the truck ; but, when it arrived in London, it was 
found that the cream was reduced almost to the con- 
sistency of milk. That trade was therefore abandoned. 
He believed in that case the vessels were filled 
as full as possible, to prevent the shaking of the 
cream. In the long journey of 300 miles the cream 
was converted — by some means he could not account 
for — into the consistency of milk. It arrived in 
London quite sweet, but could not be used as cream. 
There was at the present time a considerably larger 
quantity of milk sent up by the railway than was the 
case previously to the cattle plague, and he thought it 
likely that the present quantity would be continued for 
some time. The quantity began to fall off in March 
and April last year, from 161,000 g^ons in March, 
to 142,000 gallons in April, and frrim 125,000 gallons 
in May, to 95,000 galls, in June; in July to 80,000 
galls., in August to 64,000 gaUs., in September to 63,000 
galls., in October to 63,000 galls., in November it fell 



again to 59,000, and in December it rose to 66,000 galls. 

The quantities for the corresponding months in 1865 

■July, 6,288 galls. ; August, 17,400 galls. ; 



September, 61,888 gaUs. ; October, 96,484 gaUs. ; 
November, 116,760 galls.; and December, 148,296 galls. 
Thus it would be seen that the marked increase in the 
milk trade on this line commenced in the month of 
August, 1866. 

Mr. Caird remarked that was the month in which the 
disease first broke out in the herds of Lord Granville 
and Miss Coutts. 

Mr. Brooks, in reply to other questions, stated that no 
other means were taken by the railway company to 
develop the milk trade than the putting on of more 
trucks and eventually establishing special trains for it. 
The rate charged was increased as soon as the special 
trains were put on, and that had not had the effect 
of diminishing the quantity. The rates were increased 
from a penny per gallon under 100 miles to a penny 
half penny, and that rule was stUl continued for 
that distance. The trade at present amounted to 
about 54,000 gallons per month. Those parties who 
made complaint about the increase in the rates could 
not have calculated at what price per ton the 
company carried the milk, or they would have found 
that the milk, including the weight of the cans, was 
carried up to a distance of 100 miles for Is. per cwt. 
When the milk train arrived the dealers assisted in 
the unloading of the vans, and the milk was carried 
away in the dealers' own conveyances. He was not 
aware of any other means by which the milk could be 
more promptly or more rapidly distributed than it was 
under the present system. When the large business 
in milk was commenced the dealers wanted something 
of a market place, but there was not space enough at 
the itation for that; they then adjourned to some of 
the adjoining streets, but that was stopped by the police 
authorities. As far as the railway authorities were con- 
cerned, he imagined it made no difference to them 
whether the smaller sized can were used or the present 
large size, inasmuch as the same quantity would have to 
be carried, whether it were done in large or small cans. 
Undoubtedly the French can was more conveniently 
handled, and a man of ordinary strength could load and 
unload one of these cans without help. He apprehended 
if the small cans were adopted, waggons with two tiers, 
something in the form of the sheep vans, would answer 
the purpose, as it was not desirable to place the load 
too high, but, if special vehicles were constructed, they 
must be reserved for the milk traffic alone, and would 
not, like the carriage trucks now in use, be available for 
other purposes. There had been oases in which cans of 
milk had been stolen from the station by the milk 
dealers; and he knew of one instance in which the 
offence was condoned by a public apology and the pay- 
ment of a sum of money to the poor-box of the police- 
court. 
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Nineteenth Ordinary Meeting. 

Wednesday, April 24:th, 1867; 0. 
Siemens, Esq., P.E.S., in the Chair. 

The following candidates were proposed for 
election as members of the Society :— 

AinsUe, Montague, Grizedale, Hawkshead, Windermere. 
Amhurst, W. Amhurst T., Didlington-hall, Brandon, 

Norfolk. 
EsseU, George, The Precincts, Rochester. 
Fisher, Thomas, 24, Hanway-street, W. 
Hutton, Thomas Winder, 5 and 6, Newgate-street, E.C. 
Maddick, Alfred, 40, Clarges-street, Piccadilly, W. 
Eylands, Peter, Bewsey-house, Warrington. 
Sayer, Commander George, E.N., Statenborough-houae, 

Sandwich. 
Tinne, John A., F.E.G.S., Briarley, Aigburth, near 

Liverpool. 
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Toler, Hon. Ottway Fortisque, 6, Albemarle-street, W. 
Weld-BIundeU, T., Ince-BlundeU-haU, Great Crosby, 
Liverpool. 

The following candidates were balloted for, 
and duly elected members of the Society : — 

Brown, Thomas P., 24, Surrey-street, Strand, W-O. 
Despointes, F., 11, St. Luke's-road,Westboume-park, W. 
Jones, Sir Willoughby, Bart., Cranmor-hall, Fakenham. 
Eoe, Charles Wm., Padmore-vUIa, Sunny-bank, South 
Norwood, S., and 37, Moorgate-street, B.C. 

The Paper read was — 

ON THE CONSTRUCTION OF IRON SHIPS, AND 
THEIR PRESERVATION FROM CORROSION 
AND FOULING BY ZINC SHEATHING. 

By S. J. Magkie, Esq. 

In view of the magnificent total of British iron 
ships, I need not apologise for taking a survey of the 
state in which they are kept, and the manner in 
■which they are built, in order to show that they 
are neither built nor kept as they ought to be, 
if I can succeed in proving that iron ships might 
be better buUt and better kept than ever they 
liave been. Still more shall I be justified in calling 
attention to these subjects if I can further show that 
the present depression in the iron ship-building trade 
may undoubtedly be released, and double the amount 
of tonnage of ships annually constructed hopefully ex- 
pected for the future of the iron ship builders. 

For my own part, I am the more free to speak boldly 
and unreservedly, in that I am not about to advocate 
any plan of my own for the remedy of the evils that 
exist. To my mind there is but one right way of doing 
everything that has to be done. Men did not build 
ships when they first began to navigate the seas, but 
scooped out into canoes the trunks of trees, such as had 
served them for sitting astride to cross the rivers in 
their way. Nor did they, when wanting vessels of 
burthen to carry interchangeable commodities for longer 
distances, build wooden vessels as large as the East 
Indiaman of the last century, or as swift as the American 
clipper of this. So iron ship-bvdlding, although a 
modem invention, did not start into existence in perfec- 
tion, but has gone through various modifications and 
improvements, until it arrived at its present eminent 
condition. Progress has stiU to be made. Far be it 
from me, however, to deny, or to attempt to diminish 
the ability and the perseverance of the eminent engineers 
and practical thinkers who have foreseen and avoided so 
many diflSculties, and have encountered and conquered 
so many more, nor to undervalue the experience and 
skill of constructors and skilful workmen. Nor can it 
be my wish in any way to detract from the deservedly 
high fame which the English and Scotch iron ship build- 
ing yards have so far maintained. But there may be a 
time in the history of iron ship buUding, as there has 
been in most other great branches of manufacture and 
commerce, when those who have got a long way towards 
perfection become enamoured of what they have done, 
and think nothing better to be possible. Such is, to a re- 
gretable degree, the present condltionof iron shipbuilders. 
Having done a great deal, there is no disposition to go a 
step further, although it be but one step further that 
is required, to meike modem ship-bmlding as perfect as, 
in the present condition of science, is possible. The cor- 
rosion and fouling of ships may be said to be no business 
of the ship-builder ; and most men engaged in the trade 
might possibly admit that cleaning, repairing, docking, 
and tinkering constitute a very large proportion of the 
ship-builder's business. But herein lies a serious error. 
Shipowners and merchants are undoubtedly more closely 
concerned in the preservation of the ship, and in her 
cleanliness and speed at sea ; but if the capacity of keep- 
ing a clean hull would create an additional demand for 



iron ships, is not the means of effectually preventing the 
fouling of an iron hull in salt water woE worthy the 
attention of the iron shipbuilder ? 

Such a means exists, and has been proved undeniably 
by experiments, and yet there is no disposition to give 
it practical adoption; a fearful evil exists in the un- 
mechanical butt-joint, and yet iron shipbuilders go on 
planing, and caulking, and fitting at enormous cost, and 
boast of the beautiful work that sends every iron ship 
afloat to sea, with the most effectual device for her 
destruction which the highest scientific knowledge and 
the most practical ingenuity could conceive. If our 
commercial shipbuilders wiU not take the lead, we cannot 
wonder that the artificers in our naval dockyardsare 
still permitted to pride themselves on the fallacious 
finish of their butt-joints ; and while shipowners spend 
thousands of pounds in docking and cleaning their ships, 
allow corrosion and decay to have unlimited rule, and 
besmear the huUs of vessels worth tens of thousands of 
pounds with red lead, phosphorus, arsenic, and other 
inefieotual poisons, we cannot express much surprise 
that to the complaints of naval officers of the fouling 
and corrosion of their ships, the incasing of our 
gigantic iron-olads in outer wooden copper-sheathed 
skins should be the expensive relief afforded by the 
Admiralty, and that Hay's composition and other so- 
called anticorrosive and antifouling paints should be in 
official favour. 

There is but one way of efi'ectually preserving iron 
ships, which is by sheathing them with zinc in the same 
way as formerly wooden vessels were sheathed with 
copper, and as the plan proposed for attaching the zinc 
plates to the huU has elicited a perfect means of getting 
rid of the insecure butt-joints in the construction of 
the vessel, as well as rendering it easy to make the 
skin of the ship fiush and fair from top to bottom, and 
end to end. I have for these reasons proposed to consider 
the practical eonstraction of iron ships in connection 
with the main object of this paper, namely, the pre- 
vention of the iron hull from corrosion and fouling, by 
an external sheathing of zinc plates. 

No one of even the slightest experience of iron ships 
can fail to be aware of the extent of the corrosion and 
fouling to which they are liable. But of what takes 
place ordinarily, no notice finds its way into the columns 
of the newspapers; and it is only of exceptional cases, 
where size makes the particular vessel remarkable, such 
as in the case of the Great Eastern, or where the matter 
commands attention on account of its national import- 
ance, as in the case of some of our formidable iron-clads, 
that any reports come before the general pubhc. The 
matters of corrosion and fouling are not, however, the 
less serious that they are permitted to proceed unhindered 
and on a most gigantic scale in silence. 

We have first to do with corrosion. The corrosion to 
■which iron ships are subjected is the oxydation of the 
metal. Wooden ships were liable to perforation by sea- 
worms, and to fouling by sea-weeds and bamacles. 
After a time it was found that copper attached to a 
wooden ship's bottom would keep perfectly bright and 
clean. The use of copper sheathing was first adopted by 
the Admiralty in 1761, under the prevailing idea that its 
poisonous influence would be obnoxious to marine vege- 
tation and life, and when H.M.S. Alarm was found clean 
after a four years' voyage, the success was attributed 
solely to its poisonous character. The reign of copper at 
the Admiralty has lasted from that date to the present 
hour. But copper dare not be put on an iron hull. What 
was bad before in the extent of the corrosion becomes 
infinitely worse under the influence of the galvamc 
action set up by the contact of these two metals. 

In the early days of the sheathing of wooden ships it 
was found that iron holts in the timbers, and other 
objects of that metal in contact with the copper, were 
eaten away incredibly quickly ; and in various accidental 
ways injuries of a like and very senous nature have 
repeatedly happened from the contact of copper with the 
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hulls of iron ships. Indeed, it is admitted upon all 
hands that copper sheathing cannot he applied to iron 
ships, and that if it were, the total destruction of the 
hull would he accomplished at the most rapid rate; 
nevertheless, as copper prevented the fouling of wooden 
ships, there has heen from the commencement of the era 
of iron ship-huilding a too general and very fallacious 
hankering for some method of covering iron ships with 
copper. Various compositions of india-rubher, felt, and 
other -insulating materials have heen interposed, in 
various cases, between the copper and the iron skins 
of certain vessels ; and even at this moment under the 
persistent tradition of the Alarm, or the commercial 
influence of Muntz's metal in official quarters, the Ad- 
miralty are having some of our huge and costly iron-clads 
entirely coated below the water-line with a jacket of 
timber several inches in thickness, in order to insvilate 
that copper sheathing which the wise men of a century 
since very properly adopted for the preservation of the 
ships of their day, but which it is surely inexcusable for 
the men in high places now to put at a dangerous risk upon 
the hulls of the most costly vessels ever sent upon the 
seas, when another and cheaper metal, bearing exactly 
similar relations to the iron which copper did to the 
wood, could be more simply and more easily applied. It 
is not possible to ensure the insulation of the copper 
sheathing from the iron hull of a vessel afloat. Even 
admitting that the insulation can be perfected when the 
ship is sent out of dock, the many casualties she is sub- 
jected to on her voyage are constantly tending to injure 
and destroy the insulation, ftrazes and rubbings against 
piers and quays are always liable to make holes in and 
to strip off portions of the sheathing, whilst plates of the 
covering metal may be peeled in various ways upon the 
•open sea, and, once contact permitted, nature will not 
be slow in putting galvanic currents destructively in 
action. Even when an iron ship is actually encased in 
double planking, the shrinkage of the wood or the open- 
ing of the joints by strains of the vessel's motion by 
permitting the percolation of sea-water will give a con- 
nection between the two dissimilar metals of the hull 
and the sheathing, and the iron of the armour and skin 
-will yield not the less quickly, not the less certainly, not 
the less dangerously, that it is hidden from the eye-sight, 
or he the less expensive or difficult to repair, that several 
inches thick of timber have to be removed from the ex- 
terior of the ship before the extent of the injuries can be 
ascertained. One example of the effect of copper on an 
iron ship is as sufficient for practical illustration as a 
thousand, if there be a thousand similar facts existent to 
back it up ; and if facts upon this point he desired there 
would be no risk in engaging to produce a volume. We 
take one of three years since, that comes readiest to 
hand. It is from The Hereford Times, of 14th November, 
1863. Truth is often spoken of as deep in a well, and 
rare fragments of honest truth are often to be culled from 
provincial newspapers : — 

" Here is the last little piece of news from the iron 
squadron : — As lately as May in the present year there 
lay at her moorings ofi' Folly Point, in the Medway, the 
youngest of these Titans — ^the Boyal Oak. Of enormous 
tonnage, giant proportions, and hull that seemed to make 
the tired ocean groan under her, she was pointed out 
with pride by yachtsmen and passengers as a bran-new 
' bulwark of England.' Towards the close of May she 
got under weigh a maiden ship, ' ataunto,' ' spick and 
span,' as handsome as paint and varnish could make her, 
to join the Channel fleet in its cruise round England. 
She turned out a capital sea-boat ; she showed her heels 
to the best of the squadron before the wind ; and more 
than once had to lower her topsails to let the laggards in 
her wake overhaul her. She was ' another success,' and 
the Admiralty were as proud of her as the people. Now 
she comes into port, and what do we hear? That smooth 
and burnished bottom, coated with ' Muntz's metal ' — 
thanks to which she made such fine sailing — has put her 



hors de combat far sooner than fighting could have done. 
This ship — this Admiralty pet — which has been just four 
months in commission, is as rotten already as a collier 
after forty seasons. They have got her into dock, and 
they find that all along the line between her sheathing 
and her lower plating, the great and costly iron slabs 
have perished into something like plumbago. There are 
holes three-quarters of an inch deep, in just that very 
part of her armour which protects the ' wind and water 
line.' Where the hooks of the side-ladder have helped 
the sea- water and the sheathing to do their work, the 
iron is gone in a deep furrow, and from all the joints of 
the submerged plates there oozes a black slimy liquor, 
which is doubtless chloride of iron, and which means 
that plate and rivet and backing are rotting altogether, 
inside and out of sight. Into some of the four-and-a 
half inch plates, which were to guard this bran-new 
vessel, you may poke a pen-knife blade half way to the 
handle, in spite of an ingenious band of some sort of 
metal, not intelligible to those who made the discovery 
we are describing, the effect of which was to obviate 
galvanic action. In a word, as we have said, the maiden 
monster has come into dock rotten from her first trip." 

This is the account of the effects of copper sheathing 
three years ago, and yet during the present spring the 
costly Northumberland has sailed from Chatham for 
Devonport to be covered with the same destructive 
metal, and the huge ship, whose launch was so ruinous 
a labour, may come perhaps, after a brief life of rapid 
consumption, to an inglorious if not cataclysmal end. 
How, it wiU he properly asked, is it proposed to over- 
come this evil. The corrosion of iron ships may he 
effectively stayed by the use of zinc sheatMng. The 
zinc sheathing may he put direct upon the iron skin, 
and the iron will not only not be injured, hut it will 
be preserved. The idea which has been practically 
worked out by Mr. Daft, in his well-considered plan of 
zinc sheathing is this : — If the galvanic action set up in 
the cell formed by the iron ship and the covering of 
sheet copper — or Muntz's metal, which is a compound of 
copper — be destructive of the iron of the vessel, then to 
use, as a moans of preservation, that metal to which iron 
will stand in the voltaic circuit, as the copper in the 
former case did to the iron. In other words, if the ship 
and her sheathing form a voltaic battery, the elements 
of which stand in such electro-chemical relation to each 
other that the ship shall be destroyed, then to find out 
the way to reverse the conditions of that battery, so that 
the ship shall be preserved. This is done by the substitu- 
tion of the element zinc for the element copper. 

That we may not appear to be pinning our faith quite 
upon Mr. Daft's inteUectual sleeve, we will quote a few 
passages from Mr. Lamport's paper, " On Wood and 
Iron Ships," in Vol. IV. of the Transactions of the In- 
stitute of Naval Architects. He proceeds thus : — 

" First. — ^When chemical decomposition is produced 
upon two metals in contact, the more oxidizable one 
becomes electro-positive, and the less oxidizable one 
electro-negative. The various metals in common use 
may he arranged in a series, in which those first in order 
become positive by contact with all those that follow, 
and negative with those that precede — as zinc, iron, 
lead, tin, copper, silver, gold, platinum. 

" Secondly. — When any two of the above metals are 
combined in a fluid capable of acting upon one of them 
by chemical decomposition, a galvanic current is pro- 
duced, passing from the more to the less positive metal, 
which then becomes negative. The energy of the 
current is in proportion to the vitality of the chemical 
action, which is confined to the metal which is most 
electro-positive. The other, becoming negative, is pro- 
tected from the chemical action. For example, if iron 
and copper he combined in an acid or in sea water, iron, 
being more electro-positive than copper, is chemically 
decomposed, or, to use a more common phrase, is ' cor- 
roded.' The galvanic current, passing from the iron or 
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generating metal to the copper as the receiving metal, 
changes tde condition of the latter from a naturally 
electro-positive condition to one relatively negative. 
The metal, thus rendered electro-negative by the 
galvanic current, becomes proof against the action of 
Sie fluid as a chemical agent. No decomposition takes 
place, and it assumes the condition of a 'protected' 
metal, while the more positive one is still more rapidly 
eaten into and decomposed by the stimulated chemical 
action. If in place of copper and iron we take iron 
and zinc, the same process takes place, reversed, however, 
as regards the iron. Zinc, being more positive, is 
chemically decomposed, and tiie current passing to the 
iron renders it negative, and, consequently, insoluble or 
'protected.' It wiU, therefore, be observed that it is 
the chemical action that is deleterious, and that the 
ensuing galvanic current, by changing the natural con- 
dition of the least positive of the metals to that of a 
negative receiver, protects it from the chemical decom- 
position to which alone it would have been subjected. 
Further, the union of three or more metals_ produces 
similar results — as with copper, iron, and zinc. "The 
corrosion takes place in the most electro-positive, zinc, 
to the protection of the other two. 

" Thirdly. — To produce these phenomena actual contact 
is not necessary, as the fluid itself becomes a medium of 
combination. 

" Fourthly. — The relative size of the positive and nega- 
tive metals has no influence upon the direction of the 
current, which passes always from the most electro-posi- 
tive metal to the other, irrespective of surface or mass. 
A small piece of metal, therefore, may absolutely j)ro- 
tect a far larger mass of one rendered electro-negative. 
A considerable preservative effect has been observed 
when the surface of zinc has been to that of copper as 
1 to 1,000." 

The relationship of zinc to iron in a galvanic cell is 
undoubted : indeed it may be and was proved by the 
first voltaic battery recorded, namely, that formed by 
simply placing two plates of the metals, with their lower 
edges touching like a V, in a glass of salt and water, or 
dUuted sulphuric acid. This experiment may be per- 
formed by any one with pieces of zinc and iron and 
copper and iron respectively coupled in two ordinary 
tumblers filled with salt and water. The solution in the 
one will be colourless, that in the other quickly stained 
of a deep blood-red hue with the oxide of iron, which 
will be also deposited in quantity at the bottom of the 
glass in the condition of ochre. The iron in the other 
cell wUl keep for Weeks and months perfectly unattacked, 
whilst the zinc in connection with it will remain bright 
and clean, from gradually and continually losing a small 
portion of its volume, a very slight quantity of the white 
oxide of zinc being deposited in the tumbler. 

Zinc sheathing applied to wooden vessels does not 
answer ; for when zinc is isolated on wood it becomes 
its own protector. The zinc oxidizes and the hard oxide 
which results soon covers the surface, and exfoliates so 
slowly, and irregularly, that fouling takes place to a con- 
siderable extent. Copper, on the contrary, when thus 
isolated on wood, suffers suf&cient chemical degradation 
to present a constantly clean surface. What the zinc 
requires to compete with the copper for brightness and 
cleanliness is a little stimulus; and this accelerated 
action is effectively provided for by the galvanic current 
set up by its contact with iron. Thus the one thing 
needed to make zinc sheathing a success is involved 
in that desideratum so long necessary for iron ships — 
ttie prevention of their corrosion and fouling by the 
direct application of a metal sheathing. If the expensive 
sheathing with copper be so repeatedly and persistently 
attempted, the greater cheapness of zinc cannot be any 
valid objection to that metal — and this corrosion and 
fouling can be prevented by zinc sheathing, and that, too, 
with the additional vital advantage that it will at the 
same time insure the most perfect preservation of the 



ship. We have in zinc exactly what is required— a 
metal that may be put direct, without any insulating 
material whatever, upon the bare surface of the iron skin 
of the ship — that when so placed will form a voltaic 
cell, the electro-chemical action of which will preserve 
the iron, while the zinc will only sufficiently and regu- 
larly degrade and exfoliate to maintain a clean surface 
in any waters, at the same time that it is capable of en- 
during for four of five years without removal. 

I come now to the second point — fouling. This, like 
corrosion, or dangerous defects of construction, is not the 
less serious and expensive that it is kept out of the arena 
of general discussion. It is not to the advantage of ship- 
owners to make any fuss about what they know not how 
to prevent, or to mention any scheme which has any pro- 
bability of doing that which they think will seriously 
diminish, if not entirely ruin their business. The fouling 
of government ships, too, not only involves loss of speed, 
but more steam-fuel, more food and provisions, longer 
pay for the crews, and expensive docking and repairs, 
necessitating the labours of hundreds of men, often for 
considerable periods of time. I myself saw, a few months 
since, at one of our principal naval yards, employed for 
the best part of a day upon one of our large iron-clads, 
in bringing her into dock and shoring her in position, 
upwards of 300 men. But as nobody but the public has to 
pay the expenses of fouling, and bringing grist as it does 
to the official mill, it is not at all likely to receive cor- 
rection so long as that bountiful paymaster — the nation 
— takes no heed whatever of the matter. 

That the fouling of iron ships is a most serious detri- 
ment and a continual exorbitant expense, the very fact 
that copper sheathing is so persistently attempted, in 
spite of aJl obstacles and dangers, is collateral evidence 
of the very strongest kind ; and, indeed, no shipowner 
or captain of any experience, if put to the test of his 
veracity, could deny it, however unwiUing he might be, 
from what he probably, but very erroneously, would 
consider prudential motives, to admit the truth of the 
assertion. On this point, however, as on others, I intend 
to take evidence, and from the abundance of witnesses I 
will now select to bring Mr. Lamport into court. In 
Vol. IX. of the " Transactions of Naval Architects'' he 
admits that the cost of copper is not the reason why iron 
ships are not sheathed with that metal. At page 289 
he says : — 

"The next section takes in the doubtful quahties of 
iron, and the first is that of superior economy of main- 
tenance and reparation. I admit that iron ships do not 
incur the periodical cost of coppering. But why ? Cer- 
tainly not because the outlay is not needed, but because 
owners are compelled to forego its admitted advantages. 
Chemical action forbids the contact of copper or yellow 
metal sheathing with iron ; but I put it to any owner of 
an iron ship whether he would not wiUingly pay the cost 
of coppering to avoid the drawbacks of fouling. If so, 
can the constrained saving be considered in the Hght of 
a gain ? Its result is a foul bottom and a lengthened 
and uncertain voyage; and, as time is money, such 
saving is anything but economy. But is there no counter- 
balancing outlay from scraping, painting, or otherwise 
coating iron ships' bottoms, and is there no loss of ma- 
terial from oxidation of the iron itself to set against the 
caulking and coppering of wooden ships ? 

"By Lloyd's rules, the thickness of the plates for 
twelve years' iron ships is ^-inch more than those of the 
six years' grade. The experience of the committee, 
therefore, points to -^-inch as the waste due to six years' 
wear and tear. In six years, a twelve years' vessel will 
be liable to be reduced, we may suppose, to the condition 
of a six years' ship, and a six years' vessel in this period 
may bo supposed to be reduced to a condition to which 
no class whatever would be assigned. Making every al- 
lowance for excess of caution, enough remains to show 
that the annual depreciation of the iron plates is con- 
siderable ; and this, added to the cost of frequent dock- 
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ing, scraping, and painting, cannot leave much difference 
between the annual expense of maintenance of wood and 
iron ships." 

Neither is the additional cost of steam-power required 
to produce an inferior degree of speed in the ship by any 
means a trifling consideration when the class of the 
vessel is one of large dimensions and horse-power. 
Upon this point I will put another reliable witness into 
the box, again making the selection from the Institute of 
Naval Architects.' At the meeting of 28th February, 
1861, Admiral Halsted spoko these words: — "Now I 
come to another terrible business, and one in which I 
hope my colleagues in this institution will take a leading 
part. Here is the Warrior, with her 1,250 nominal 
horse-power engines, to go 14 knots an hour. But pray 
for how long? How many weeks will elapse at sea 
before the fouling of her bottom will reduce her 14 knots 
to 12, and even below that ? As everybody here knows, 
perhaps better than myself, the fouling of the bottom of 
iron ships is a question connected, and closely connected, 
with the nature of the material itself; but I think it is 
not generally understood that it is not a mere question 
of the difficulty of preventing the corrosion of the bot- 
toms of iron ships. There are a dozen ways by which 
actual corrosion of the metal may be prevented, but the 
misfortune is that aU these appliances have the effect of 
presenting such an enticing surface to marine substances 
and animals that they carry on their little operations 
till there is no end of them, and in six months the sur- 
face of the bottom of your ship is destroyed, in a great 
measure, for aU purposes of speed. It is wonderful, the 
money which has been paid away in this country on 
that account. We possess some 600 iron screw ships, 
and there is not one of them but is subjected to this 
difficulty at least twice a year. And it is not the mere 
expense of hauling into dock, cleaning the bottom, and 
re-painting ; but it is the number of steam horses that 
have to be fed to their fullest extent constantly, although 
the effect produced by their efforts is gradually dimi- 
nishing. Neither is it that the steam horses cannot take 
their amount of food ; on the contrary, the tendency is 
rather to overfeed them at such times, so that the reduced 
speed has no compensating economy, but the whole effect 
is direct loss. What, then, should prevent the council 
of such an institution as this submitting that some 
definite means should be taken to overcome this dis- 
reputable fact, which has exposed us to so much public 
loss up to the present day ? There are men of talent in 
the country who can discover a remedy, or who, at all 
events, can show us that it cannot be done, and then we 
may find out some substitute in place of a remedy, I 
attribute our neglect of this point entirely to the fact of 
the Government condemnation of iron ships hitherto as 
being unfit for the purposes of war. Had it not been 
for that most unjust and impolitic condemnation, I 
believe a remedy, or a substitute, would, as a great 
national object, have been provided long ago." 

Two explanations are necessary to give full effect to 
the meaning of this speech. In the first place we must 
bring again to mind that the then apparently incurable 
disadvantages of the corrosion and fouling of iron ships 
had so alarmed the Admiralty in 1847 that the sale of the 
iron ships in our naval service was actually commenced. 
The persuasive eloquence of the projectors of anti- 
fouling and anti-corrosive compositions however had a 
happy influence upon the fate of the British iron navy, 
. and the recaUing of that desponding fiat is really the 
only good that ever has been — and in all human proba- 
bility ever wUl be — effected by those senseless and falla- 
cious nostrums. In the second place, we should observe 
that when copper is put upon and in connection with 
iron iu sea water, not only is the waste of the iron 
terrifically increased, but the copper itself on the 
other hand becomes totally inoperative and entirely 
ineffective. It no longer degrades ; it is electro-chemi- 
cally preserved. It no longer maintains, as it would do 



upon wood, a clean surface ; exfoliation no longer takes 
place, and in proportion as the superficial area of the 
iron approaches that of the copper so will the latter be 
more and more coated with thicker and thicker deposits 
of the carbonate of lime and magnesia abstracted from the 
sea water, until the whole of its anti-fouling character is 
lost and the ship might be but an encrusted rock, covered 
with luxuriant fields of sea-weeds and adherent moUusca 
floating upside down. 

This fouling is exceedingly expensive at aU times, but it 
wovild be particularly perilous and vexatious in that of 
war, to be obliged constantly at short intervals to send 
our large transport and iron-clad ships into dock for 
cleaning alone ; the retardation of the speed, too, of such 
vessels whilst at sea is a most serious item, not only in 
regard to their effectiveness when in pursuit of, but when 
brought into hostile collision with the enemy. Even in 
money expenditure it involves a really reprehensible 
waste. In respect to the mere operation of cleaning, it 
is notorious that many of our wealthiest shipowners and 
some of our finest commercial companies prefer to let 
their vessels run considerably fouled rather than incur 
too frequently the expensive operations of cleaning and 
scraping in dock. It may be also said that the merchant 
shipowner experiences an additional loss in the laying 
by of his ship, for it is the most active employment of 
his vessel that produces the most profitable result. 

Again, the immense size of our iron-clads would ren- 
der delays in getting into dock on account of insufficiency 
of tides, constant occurrences, while similar delays would 
also happen in respect to their liberation. Long and 
dangerous absences would thus be common amongst the 
vessels of our fleets ; and more than possibly at the very 
time when our utmost naval strength would be wanted, 
half our vessels might be away, either in dock cleaning, 
or returning home for that purpose, or on the voyage 
out again after the operation had been performed. Let 
us, however, look for a moment, as closely as the little 
light that has been permitted to be shed on the subject 
wiU allow, at the money cost involved by this fouling. 

The Diadem, 800 nominal horse-power, bums 60 tons 
of coals a day, and does nine knots per ton burnt. Now, 
if the loss from fouling amounted to one knot per ton 
burnt, the waste per day of steam fuel would be £14, 
adding to which the extra cost of wages for the loss of 
time on a long voyage or a naval cruise, and other items, 
would bring the loss to something like £25 a day. Again, 
if the Warrior, 1,250 horse-power, and burning not less 
than 100 tons of coal a day, should lose two knots an 
hour, or one-seventh of her speed, by fouling, the utterly 
wasted cost of this deterioration of speed — for be it re- 
membered the full quantity of combustion that would 
give the highest speed with a clean bottom is required 
to attain with a foul huU this lower rate — would be, sup- 
posingEnglish coal were used, £30 a day ; and if fuel had 
to be bought at foreign stations — a most probable and fre- 
quent necessity — this expense would range from any in- 
crease up to more than double. When to this cost of fuel 
we add wages and other incidents we shall find that the 
estimate of £40 a day formed by Admiral Halstod in 
1861 of the money value of the loss in this vessel is really 
within the mark, and entirely within the actual expen- 
diture. With 30 vessels afloat, and assuming the 
average loss from each as £30 a day, the total waste for 
the whole fleet would be £900 per diem, or £329,500 a 
year from this one source of fouling alone. 

In the face of all those evils there is but one hope for 
the practical application of copper. It is the perfect 
insulation of the sheathing from the ship. This is the 
point where Mr. Daft began, and no man has been more 
successful than he has in this direction. ', 

In the year 1849, impressed with the importance of 
preventing iron ships from fouling, and protecting them 
from corrosion, he made his first step by coating the 
famous Muntz's metal with an insulating material 
upon one side, in order to prevent galvanic action being 
set up when such metal was appli^ to the skin of an 
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iron ship. He succeeded at that time in firmly attach- 
ing sheets of pure vulcanised india-rnbher to sheets of 
yellow metal, and when the coated sides of these sheets 
were placed against the hull, the yellow metal was as 
perfectly insulated from the iron as it is possible to 
insulate metals in sea-water. 

The extra care required in the workmanship, 
and the high price of the copper, were circum- 
stances tending much against the system of insulated 
copper sheathing, however desirable it might other- 
wise be. But the fatal objection was that, no matter 
what might be the care, no matter how perfect 
the insulation, the connection of the two metallic 
elements was ever liable to be made by a variety of ac- 
cidents, indeed, even the overhanging of the anchors, 
or of an iron chain, might be the medium of setting up 
destructive galvanic action in a fully sheathed ship. 

But there is a still more costly and even more fal- 
lacious attempted avoidance of the difficulty. I mean the 
faint-heaited compromise between iron and wood. Iron 
ships are not kept clean at sea; wooden ships copper 
sheathed are. Therefore, say the compromisers, let us 
build ships with iron frames and wooden skins, that we 
may nail the copper on their hulls. Composite ships 
are the disgrace of the age ; they are a standing re- 
proach because they are sneaking confessions of failure 
and incompetence. Who that knows the value of iron, 
that has taken action in, or even but watched, its 
manufacture and its practical treatment in any of its 
multifarious applications, but feels the same glowing 
pride in its stalwart strength, its metallic muscle and 
fibre, its reliability and thorough powers of endurance, 
as he does in his own birthright to the name of English- 
man, and but thinks all the higher of his countrymen 
that they are unsurpassed as iron- workers. 

Convinced that the system of insulated copper 
sheathing was and ever must be imperfect, Mr. Daft 
turned his attention to another metal — zinc, and at the 
same time set himself to overcome the difficulties which 
had been experienced in attaching the copper plates to 
the iron huU. Cement and all sorts of adhesive com- 
pounds had turned out complete failures, and nothing 
but the old plan of naiUng the sheathing on, as it was 
done upon wooden ships, seemed likely to answer. 

To make an iron ship and then to cover it over thickly 
with wood — to put, in fact, the iron ship inside of a 
wooden one — seemed to him, as it must still do to every 
competent person, a most undesirable and unscientific 
procedure. Having by his experiments convinced him- 
self thoroughly of the value of zinc sheathing, he devised 
the most simple and admirable plan for the firm attach- 
ment of the plates that could possibly be desired, and in 
doing this he has made the most important improvement 
in the construction of the iron ship itself. The butt- 
joint was the weak part of the ship ; Mr. Daft wanted a 
groove around every one of the skin-plates which he 
could fill with wood, as the medium to which to nail his 
zinc sheathing plates, and in getting his groove he got 
rid of the butt-joint. But of this, hereafter ; for the 
present we have to deal with zinc. 

With zinc sheathing we have the following advan- 
tages : — It is one-third the price of copper, or yellow 
metal ; it requires no insulating material, nor anything 
whatever interposed between it and the iron skin of the 
ship ; it electro-chemically protects the iron, and is it- 
self degraded and imperceptibly peeled away by the same 
electro-chemical action; it keeps perfectly bright and 
clean, and is as durable as copper or Muntz's metal. 

Of these assertions some proof will naturally and pro- 
perly be asked. Cabinet experiments might be possibly 
deemed not sufficiently practical upon such an occasion 
as the present, however interesting and instructive. I 
bring forward, therefore, the results of actual trials of 
the system made by the government. 

After proving the value of zinc as a sheathing for 
iron in sea water, in conjunction with the " Special 
Committee on Iron," in 1863 and 1864, Mr. Daft 



received instructions from the Lords Commissioners 
of the Admiralty, on the 18th February, 1865, to visit 
Portsmouth-yard, in order to see that certain experi- 
ments with two plates upon his plan were satisfactorily 
made for testing the efficacy of zinc sheathing for iron 



Two plates were made up of f-ineh plating, with 
f straps at the back or inside, so as to represent the 
actual plating of a vessel of some 3,000 or 4,000 tons, 
and grooves according to Mr. Daft's patent were left, of 
f-inch wide, between the edges of the plates; these 
grooves were subsequently filled in with teak strips, and 
the surface made fair and flush. The plates were encased 
in teak frames and backs, made waterproof, so that they 
(the plates) should have their faces or outsides only 
exposed, as in the case of an actual vessel. Mr. Daft's 
original intention was to nail on the zinc sheathing 
direct against the bare iron, in order that the contact 
between the zinc and iron should be perfect, and that the 
necessary amount of electro-galvanic action should be 
set up when the plates were lowered into the water to 
keep the zinc exfoliating or peeling away at a rate 
which would keep them clean and bright ; but by 
instruction the iron was coated all over with a compo- 
sition in fashionable use in Her Majesty's dockyards — 
Mr. Hay's glue — and contact had therefore to be estab- 
lished by using nails for fastening on the sheathing long 
enough to go through the teak-caulking in the grooves 
and to turn against the iron at the back of it. A few 
iron nails— common clouts — were introduced, in order to 
establish firmer and more enduring contact, and to prove 
that they might be used, if not to advantage, certainly 
without detriment to the work. 

The unfortunate interposition of an insulating sub- 
stance between the zinc and the iron would have ren- 
dered the former liable, but for the action established by 
the long nails, to foul to a certain extent. In fact, the 
insulation directed, would, if it had not been practically 
subverted by this means, have produced in the experiment 
results parallel with the case when zincisusedfor sheathing 
wooden vessels. This test was a source of anxiety to Mr. 
Daft, which was only dispelled when, on the 12th Oct., 
186.5, the plates were raised for preliminary examination 
(as they were to be twelve months under water for the 
trial). At this examination, after six months' immersion, 
they were found perfectly clean, though not bright, as 
would have been the case had the chemical action not 
been checked by insulation. The zinc had not wasted 
enough. An ounce per foot per annum — the rate at 
which it had been disappearing — ^was not sufficient to 
ensure a bright surface, a bright metallic surface being 
that of all others the most to be desired for obtaining 
speed in iron ships or wooden vessels. This fact, that 
the zinc could be kept perfectly bright, having been 
thoroughly established previously by Mr. Daft, induced 
him to cause a third experiment to be made at Ports- 
mouth. 

At the end of the year of trial, a correspondence took 
place between Mr. Daft and the Admiralty as to raising 
again the two plates ; but, as summer was approaching, 
it was suggested by the Admiralty that they had better 
remain three months longer. They were thus doomed 
to go through another season for the rapid growth of 
weeds and barnacles, which, as any naturalist will quickly 
perceive, was subjecting them practically to another 
year's trial, by including two spawning seasons of the 
barnacles and molluscous animals, and two seasons of 
the fertilising periods of the seaweeds, giving the platesj 
in fact, a double chance of fouling. This suggestion 
was, however, readily agreed to by the inventor, 
and when they were taken up for the inspection 
of the Lords Commissioners of the Admfralty, on 
the 12th of August, they were found still in a state 
of the most perfect cleanliness, though, as before, not 
bright. About the frame, and on the iron chains in 
which the plates were swrmg, were immense quantities 
of barnacles and weeds, but not a vestige on the'plates 
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Mr. Daft then suggested that one or both plates should 
be stripped, and everything — zinc, nails, teak, iron, &o. 
— thoroughly overhauled, and an accurate account taken 
of the loss of the zinc ; and this was, ho believes, with 
respect to one plate, accordingly done. Not that the 
" authorities" have furnished him with particulars, but 
having asked for that favour he is in hopes of getting 
them. However, it may be asserted without fear of 
contradiction, that the zinc had lost only at the rate of 
exactly 1 oz. per foot per annum. It would be bettor 
that it should lose double that quantity. 

One ounce per foot per annum is not much more than 
zinc sheathing loses on wooden ships, where a very feeble 
galvanic action indeed exists, and possibly at times none 
at all, when fouling more or less occurs. Not, as we 
have already stated, that fouling is peculiar to zinc alone, 
for other sheathings — copper and yellow metal — foul to 
the same extent as iron or zinc, or any other metal, when 
their condition is made negative in an electro-chemical 
sense. If, for example, contact with iron and copper 
and yellow metal be made in sea water, then yellow 
metal and copper will foul rapidly at the expense of the 
certain destruction of the iron — the positive metal. Mr. 
Daft thinks that in order to wear out the old wooden 
ships with as little expense as possible, and yet keep 
them useful and safe as long as they could bo, it would be 
wise to use iron nails and zinc sheathing, for the zinc 
would preserve the iron fastenings about the vessels, 
and the clouts (iron nails) in the sheathing would hold 
the zinc on longer than zinc nails, and materially aid in 
keeping it clean by increasing its exfoliating qualities. 
Zinc for wooden ships under this treatment would be- 
come equal to copper or yellow metal for cleanliness, 
would last quite as long, and would cost not more than 
one-third the price. 

To ensure a thoroughly clean surface, the " peeling 
away" should go on at a rate of not less than 2 ozs. per 
sqiuire foot per annum. At that rate it is kept absolutely 
bright, and may be still further increased to 2J ozs. by 
leaving certain parts of the hull unsheathed — for ex- 
ample, the keel, stem and stem posts, &c. — for by exposing 
a greater proportion of iron than zinc (within certain 
limits) tho zinc is more rapidly destroyed, while, as I 
have in another place shown, tho uncoated iron is, not- 
withstanding the immediate absence of zinc, kept free 
from fouling for some reason that at present I fail to 
perceive. 

An exceedingly useful feature is the power that is 
possessed within certain limits of thus modifying the 
electro-chemical action on the zinc. There is a definite 
relationship between the extents of tho surfaces of the 
iron and the zinc, and tho rate of the exfoliation is in 
exact proportion to tho areas of the two metals. The 
electro-chemical action can therefore be modified, 
accelerated, or retarded, according to requirement, by 
the proportion of the ship that is sheathed, or by internal 
plates in connoctioh with the bilge-water. Thus, sheath 
one-quarter of the iron, you give half tho superficies of 
zinc to iron, and in this state, when immersed, the des- 
truction of tho zinc is at a medium point, and the iron 
is perfectly protected. Now reduce the sheathing to 
jth = :'fth of the surface, and you increase the destruc- 
tion of the zinc, but the iron is still fully protected ; 
still further reduce the zinc to say ^Vth = Jth the sur- 
face of iron, and you arrive at the maximum destruction 
of zinc. Go further in this direction, and you do not 
increase the destruction of zinc, but you enfeeble tho 
protection of the iron. 

Entirely cover a surface of iron with zinc ; youthen have 
two to one of iron ; in this state the exfoliation of zinc is 
feeble, but quite enough to keep it bright in sea waters. 
The iron when completely covered is, of course, fully 
protected by tho electro -galvanic action exerted upon 
the zinc, and, in fact, a singular proof of this has just 
occurred in the Admiralty specimens inspected by the 
Lords at Portsmouth. A plate, grooved and caulked 
.with teak, about 2ft. lin. by Ifl. 4in. was partly plated 



with zinc, in order to try the comparative results, and a 
margin of bar-iron, about 3in. wide, was left around the 
sheet of zinc. This specimen had been under water 
about ten months ; the zinc was beautifully bright and 
clean ; the margin of iron was only coated with a little 
slime, which, upon being rubbed off by the finger, dis- 
covered a bright clean surface ; the wood frame about 
this specimen, which had been fixed to it for lowering 
it into the water, was an enormous mass of polypi, 
barnacles, and weed, thus proving that the zinc had a 
protecting effect to some distance beyond the actual sur- 
face covered by it. 

The moment we come, with a proper knowledge of 
the natural history of the subject, ix> investigate the 
nature and character of fouling, and what should pro- 
perly bo its most perfect prevention, we come decisively 
to the unalterable conviction that all anti-corrosive and 
anti-fouUng paints can never be any more than the 
merest nostrums. Barnacles do not feed with their feet ; 
oysters do not imbibe nutriment through their shells; 
mussels derive no vital sustenance through the cords of 
the byssus by which they moor themselves. Seedweeds 
are not like land plants, which take up their supporting 
fluids by the fibres of their roots. The " root " of a 
seaweed is no more than the mere disc of attachment, 
tho leather "sucker" which holds it to the rock or to 
the side of the ship. The idea, therefore, of poisonous 
compounds for painting a ship, with the view to killing 
the barnacles, sheU-fish, and seaweed, is to the mind of a 
naturalist much on a, par with a project for poisoning a 
man through the sole of his boot. The individual who 
should propose to smear the grovmd with phosphorus 
and arsenic to destroy an invading enemy would be sent 
to Bedlam, but the quack who offers arsenical and 
phosphoric soaps for ships' bottoms sells his wares and 
injures no one but his customers. 

There is another view to be taken of the natural 
history of shell-fish and seaweeds. AH the things that 
attach themselves to a floating ship only stick to it, 
and the proper cure therefore is never to leave them 
any surface to stick to. Why copper on a wooden ship 
keeps clean is because it never has a permanent surface, 
and it is evident nothing can long adhere to a surface 
that is always dissolving away. Now, it is only in tho 
young state that either marine organisms or vegetation 
have the power of attachment to foreign bodies. Pull 
an oyster from its bed, or a seaweed from its rock, 
and neither is ever a fixture anywhere again. If, 
then, the minute young only of sheU-fish and the 
minute seeds only of sea-weeds possess either free or 
involuntary locomotion, it is clear they can only adhere 
to very minute portions of any solid surface, and, there- 
fore, as the extent of their adherence is not larger than 
the exposed surface of a metallic particle, it is evident 
that the exfoliation of that particle will carry away with 
it the minute organism attached ; and it is also as evi- 
dent that as that organism has only once in its life the 
power of attaching itself, its capacity of individually 
contributing to tho fouling of any ship is gone for ever. 
The exfoliation of the metal of a ship must, therefore, be 
constantly going on. The voyages which tho vessel un- 
dertakes will take her from winter in one latitude to 
spring time and spawning and seeding season in an- 
other; and wherever and whenever the myriads of 
young mollusca, cirrhipedes, serpulaj, corallines, bryozoa, 
and teredines, swarm in the sea, then and there will 
they seize upon every bit of the vessel within their 
reach, and so long as the surface of the hull remains 
will go on growing and prospering to the serious detri- 
ment of the progress of the ship. It is equally evident, 
under this aspect of the case, that fouling can never be 
prevented by any vitreous or glazed substances attached 
to the hulls of ships. However smooth or polished, 
however sHppery any absolute solid permanent surface 
may be supposed to bo, young barnacles, oysters, 
mussels, take too good a hold upon it, and tho little 
floating seeds of sea-weeds stick too close to it over to 
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slip off, and can only be got quit of by being " slipped 
away with" by the flaking of the surface itself. 

Needless as any proof on this subject would thus 
appear to be, it is, nevertheless, imperative to put in an 
example or two of actual results of anti-fouling paints. 
These results are of two distinct characters. One, the 
effects produced in respect to the fouling of the hull ; 
the other, the effects produced upon the iron, for many 
of these anti-fouling and anti-corrosive compositions are 
by no means innocuous to the constructive material of 
the ship. I really am very sorry to select " Hay's anti- 
fouling paint " as an illustration, because Mr. Hay is the 
Admiralty chemist, and his " composition " is under the 
immediate patronage of the Admiralty. But I take it 
because it should be, from the recognition it has re- 
ceived, presumably the best of its class ; and because, if 
I did not take it, I should hereafter most probably be 
accused of having insidiously picked some inferior 
example, designedly leaving out the very one I ought to 
have brought forward in justice to the anti-fouUng 
painters. I quote from the Times of 18th November, 
1864 — not an unfriendly organ towards the dockyard 
officials : — 

" Notwithstanding the numerous descriptions of what 
are termed ' anti-fouling' mixtures, which have been 
submitted to the Admiralty, no discovery appears as yet 
to have been made of a preparation for effectually pre- 
venting the accumulations of animal and vegetable 
matter over the hulls of iron vessels. 

" Although the bottom of the iron frigate Achilles was 
coated over before her launch with the ' anti-fouling' 
composition of Mr. Hay, the Admiralty chemist, so foul 
had the bottom of this vessel become while lying in 
Chatham harbour, preparing for sea, that in the run 
from Chatham to Devonport her speed fell off more than 
three knots an hour from her steaming rate on the 
occasion of her official trip at the Maplin Sands. 

" When docked at Devonpprt, the bottom of the 
Achilles was not only foul, but many of the plates were 
left completely bare of composition, while corrosion had 
in many cases eaten away the plating to the depth of 
tcOTD. one-sixteenth to one-tenth of an inch." 

I can add my owntestimony,having seen the Valiant put 
into dock a short time ago, after 16 months, in harbour, 
that the condition of Mr. Hay's composition, or of the iron 
vessels coated with it, has been in no wise improved ; 
nor can I conscientiously say one single word in favour 
of any other of the " compositions,' ' anti-fouling or 
anti-corrosive, with which various portions of that noble 
iron-clad was besmeared. Mr. Hay's compound has a 
basis of copper, and the hull of the Valiant was deeply 
eaten into by the galvanic action, as well as thickly and 
totally encrusted with a bronze-coloured oxide. It cer- 
tainly was not so foul as some other portions of the 
ship, but it would not have been even in a semi-clean 
state if it had not been "hogged" by some new patented 
scraping machine before the ship came into basin. 

Doubtless I should find I had left a hole in the armour 
of my argument if I omitted to say a few words upon 
the other metallic paints in which other metal bases are 
used — as red lead, quicksilver, and zinc. I assert of all 
such, without fear of defeat — contradiction on all points 
I know I may expect — that no paint having the oxide 
■or other salt of any metal can possibly be of any use in 
the prevention of fouling ; and not even if the absolute 
■metal itself in a pulverized state could be mixed in -with 
the oil, varnish, or other medium, would such a paint 
have any preventive influence. Take zinc itself in 
fine powder, for example ; it would be utterly useless, 
because each particle of the metal being encased in and 
insulated by the medium of the paint, galvanic action 
would be stayed, and there would be no exfoliation 
of the surface — the sole means of avoiding marine 
foulness. In the cases of red lead, mercury, plum- 
bago, and antimony, if they have any effect at all, 
it will not be upon the barnacles and sea-weed. 



but upon the iron hull ; and this any action they 
may exhibit will not tend to improve the condition 
of. Some owners use merely a thick coating of simple 
grease for ships going on distant voyages, and so long 
as the friction of the water can carry off the weeds 
when they have acquired a certain size, it may i>03- 
sibly do so as long as the grease lasts — but what then ? 
Fouling of the fron hull of course sets in. How far 
efficacious this plan may be, in even its best circum- 
stances, I know not, but this I do know, that one 
large house that has wisely eschewed anti-fouling com- 
positions, and uses this less hurtful means, pays pro- 
bably the largest sums, and certainly takes more care 
and pains in docking, scraping, and painting its ships 
than any other in the port of London. And it is well 
repaid for this expenditure. Paints of aU kinds must 
be peculiarly liable to be rubbed and scraped off, and of 
course the iron huU over such portions would then be 
completely unprotected, and fouling and corrosion would 
go on as it pleased. 

I have been thus severe, but no more so than is de- 
served, upon paints and coating compositions of all 
kinds, because one of the antagonisms zinc sheathing 
has to encounter is the notion entertained by sailors 
and owners, and particularly the former, that they 
should have "something to paint the ship with." A 
sailor naturally likes to paint his ship, for much the 
same reason as a child his toy-boat ; and owners abide 
by paint for their iron ships because they don't know 
what else on earth to do with them ; and because to 
sheath them with copper is highly dangerous, as well as 
expensive. 

Another antagonism to the trial of zinc sheathing 
amongst merchant shipo-wners, is the objection they 
have to ha'ving anything done to the skin-plates for 
the purpose of securing the sheathing. Mr. Daft effec- 
tually secured his insulated copper by drilling holes 
partly into the thickness of the skin-plate, and plugging 
theih with wood or ebonite, and then dri'ving the nails 
which secured the sheathing into these plugs. For my- 
self, I see no objection whatever to this plan, but ship- 
owners are excessively timid about the slightest me- 
chanical operations, although they have no suspicion or 
fear of chemical action being painted all over their ships. 

We have so far taken a broad survey of the nature, 
character, and action of zinc sheathing ; and are brought 
now to a consideration of the best way of putting it on. 

It appears, then, that in order to perfectly protect iron 
hulls for an indefinite period from corrosion — in fact, to 
preserve their thickness in its fall and original integrity, 
until every other part of the vessel is thoroughly worn 
out — we have only to plate the bottoms in a simpler, 
cheaper, and safer method than has ever before been 
done. This Mr. Daft has accomplished by maldng all the 
joints lap-joints, and entirely avoiding butt-joints and 
their costly and evil consequences. To make the laps 
fair and flush and perfectly water-tight, they are, in 
addition to the ordinary punched caulking (if that be 
thought desirable), caulked with properly prepared strips 
of compressed teak, and then the zinc sheathing is most 
firmly secured by nailing on the sheets to the teak 
in the grooving in the ordinary manner of fastening 
copper sheathing on wooden vessels, the zinc being, 
at one and the same time, the complete preserver 
of the iron huU and the essential metal for keeping 
the bottom perfectly clean for a number of years 
proportionate to the thickness of the sheathing used. 
If, for example, a sheathing of one-twentieth of an 
inch thick be used — as a good stout sheathing fit for 
a vessel of 3,000 to 5,000 tons would be— it would 
weigh 30 ozs. to the square foot and assuming a loss of 
2 ozs. per annum, and that when it was reduced to half 
its thickness re-sheathing would be required, we have at 
least seven years of a clean and safe bottom without the 
least anxiety about it as to fouling or corrosion. It is 
important in its place to determine the size and shape 
and appointments of our new iron fleet, but it seems out 
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of place to do anything before the very base and founda- 
tion of the superstructure be settled. If our magnificent 
broadsides, cupolas, monitors, or whatever we may come 
to, bo dependent upon any description of paints or com- 
positions and be really wanted on service, they must all 
go to ruin by corrosion before the end of a com- 
mission, or come into dock every six months to have 
their hulls cleaned and re-painted, to say nothing of the 
diminished value of a vessel which begins to foul from 
the day she leaves port, and gradually but surely gets 
worse until her boasted speed is reduced to two-thirds, 
and even to half its original rate. 

Almost all iron ships as now built'present longitudinal 
rows of plates alternately projecting and receding — " in 
and out strakes," as they are called by ship-builders. 
In these strakes the joints are of two kinds— one made 
by the over-lapping of the edge of one plate upon 
another, and called the lap-joint ; in the other, the 
edges of the plates are planed smooth, and the ends 
brought close to each other, the joint being made good 
by the riveting of the ends of both plates to a common 
back-strap. That is termed a butt-joint, because the 
two ends merely " abut " against each other. The lap- 
joint is in every way by far the stronger ; the rivets 
penetrating both plates, and being driven in red hot, by 
their shrinkage exert such power that the lap-joint, if 
properly made, is absolutely stronger than the plates 
themselves. But such is not, and never can be, the con- 
dition of the butt-joint. That is a form of joint that in 
its essential character is the very weakest possible. It is 
really of the nature of a plate half cut through ; and a 
very correct general notion of its condition may be given 
by comparing it to a plank sawn across to the half of its 
thickness. Because a saw-cut was formed of three pieces, 
a plank cut quite through and a back piece, it would not 
cease to be a saw-cut, and just so, although the butt- 
joint is formed of the two ends of two plates and a back- 
strap, the line of particles in that back-strap, facing the 
seam between the ends of the plates will be that portion 
of the metal which will have to endure all the strain 
brought upon the joint. A saw-cut weakens a plank 
more than the proportion of its depth to the original 
thickness, because there is a leverage of the substance of 
the wood, brought to bear during any strain, that opens 
the cut upon the front line of particles of the uncut re- 
mainder of the plank, and which is thus liable to be rent 
asunder, and in this way the crack is easily continued. 
The back-strap of a butt-joint is always in the condition 
of the remainder of a saw-cut plank ; and, as such butt- 
joints are used for the vertical joints of the strakes, there 
are many hundreds of such butt-joints in a ship always 
liable to be strained open and split, and that, too, it may be 
all over the ship. "When vessels strain across ocean 
waves the butt-joints are exceedingly likely to give way, 
and many iron vessels have gone down from no other 
cause than the opening of their butt-joints. When iron 
vessels are strained, it is usually along the lines of butt- 
joints that they part asunder; and, in brief, all the 
accidents that arise from the defects of, or strain upon 
the fabric, may be set down, with hardly an exception, 
to the giving way of the butt-joints. No one ever heard, 
that I know of, of lap-joints, where the workmanship 
was good, giving way; but the iron-shipbuilder prides 
himself upon the finish of his butt-joints, and thus in the 
very pride of his craft confesses the inherent deficiency 
of the butt-joint. AVhy should he pride himself upon 
the extra care and finish bestowed upon it if it were as 
good as the less eared for lap-joint; and why should 
he use the lap-joint for his horizontal strakes, and make 
an uneven irregular hull for the ship, when with the 
butt-joint ho could make a fair and flush hull if the 
butt-joints were not inherently worse? He certainly 
would reject the lap-joint if it were not for its superior 
strength. But the weakest part of a ship is its actual 
strength, and therefore as the lap-joints are its strongest 
parts, the butt-joints detract from the entire stamina of 
the vessel. Now, in putting the groove round each ■ 



plate for his infilling of teak, Mr. Daft uses a plan 
which entirely gets rid of the defective butt-joint al- 
together out of the ship. By putting the plates an inch 
apart he takes the joint out of the category of a saw 
cut, and by putting a narrow plate of the same thick- 
ness as the skin of the ship at the back of the joint he 
virtually reduces the in strake from three feet wide to one 
inch in width. It is still, however, of the nature of a 
strake ; and the metal of the inner plate, when any 
strain comes upon it, has sufficient extent of surface 
to bend into an arch, and, no single line of particles 
having to bear more than its proper share of the 
strain, there is no longer any liability for the 
metal to be pulled apart or to crack. The extravagant 
expense of planing the ends of the iron skin-plates 
is entirely done away with, the edges of the plates 
being left just as they come away from the shears, 
and the teak, carefully dried, compressed and forced 
tightly in, securely caulks the joint, and makes the 
entire surface of the hull perfectly fair and flush. The 
whole construction of the ship under this process wiU 
be quicker and cheaper than ever: there will be no 
inequalities in the rigidity or strength of different 
portions ; no sharp edges to encourage the commence- 
ment of oxidation and fouling ; and there will be the 
most suitable means of nailing on a metal sheathing to 
protect the iron hull from corrosion from salt water 
when afloat. What Mr. Daft has done really is to have 
turned the insecure butt-joint into double lap-joints ; the 
result is mechanically right, and the wonder is that it 
was not seized upon by every builder the moment it was 
devised. But strong is the force of habit ; and it is a 
common failing of men to cherish most highly that which 
has given them the most trouble. Troublesome things, 
however, like troublesome people, are seldom good for 
much. 

Both subjects, the construction of iron ships, and zinc 
sheathing, permit a great deal more to be said about 
them ; but a paper for a society's evening meeting 
cannot go to the extent of a volume. I will, therefore, 
only add that, as wooden ships are stUl built in large 
numbers for foreign voyages of long duration, solely 
because of the fouling of iron ones, I do believe the 
adoption of Mr. Daft's process of zinc sheathing, by en- 
abling iron ships to undertake voyages of any length of 
time in a perfectly clean state, will throw into the iron 
ship building trade all the orders that would otherwise 
go, as now and heretofore, to the builders in primseval 
wood. Iron ships are incomparably stronger, and 
are much lighter than wooden ships and can be made 
on finer lines. 

I now ask full discussion on these subjects, in which, 
I have become interested in the firm conviction of their 
correctness and importance ; and which, for those 
reasons, I wish to see put to practical trial by shipbuilders 
and shipowners. 



DISCUSSION. 
Mr. Haddan said, he was afraid that Mr. Maekie had 
sought to prove too much, for this reason — that if all he 
had stated was correct, iron vessels would wear four or 
five times as long as they do now, and, consequently, 
the trade of shipbuilding would be reduced to the extent 
of four- fifths, unless a very greatly increased demand for 
ships arose. He had himself tried to induce people to 
make important changes in materials for manufacturing 
purposes. Some years ago ho brought forward a plan 
for building railway carriages with papier-mache, which 
would last twenty years ; but on introducing the subject 
to a carriage builder, he would not entertain it for a 
moment, because, he said, he did not want carriages to 
last for twenty years, for if they did, what would become 
of his trade Y But, he added, if he could show him a 
plan by which they would last only a year, he would take 
it up. He could hardly suppose that the Admiralty 
authorities of the country were influenced by these feel- 
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ings, but he thought that they were in the habit of wait- 
ing to see what other countries did ; and he believed, if 
Mr. Maekie or Mr. Daft could induce the Emperor of 
the French to try this plan of zinc sheathing on one of 
his vessels, and it succeeded, our government would adopt 
it instantly. Ho considered this invention a very im- 
portant one. He was not a shipbuilder, but understand- 
ing something of the properties of iron, and hearing the 
explanation of the system which had been given this 
evening, he believed it to be a sound one, and he hoped 
public pressure would be brought to bear upon the 
government to give it a fair trial. 

Mr. G. B. G-ALLOWAY submitted that the question be- 
fore the meeting was one of paramount national import- 
ance. He would refer to a statement which was made 
in this room at the meeting of the Institute of Naval 
Architects in 1865, by Sir John D. Hay, one of the pre- 
sent Lords of the Admiralty, who said that unless some 
mode were discovered to preserve the bottoms of iron 
ships, in a short time we should have no iron navy in 
existence. He (Mr. Galloway) begged to ask the author 
.of the paper at what dates the tests of this invention 
had been made under the auspices of the Admiralty 
authorities ? 

Mr. Magkie replied in 1863 and 1864, at Shoeburyness, 
and from 1865 up to the present time at Portsmouth. 

Mr. Galloway said the quotation from the Times 
which had been read, lamented that no discovery had 
been made for the preservation of the bottoms of iron 
iShips, while they had the fact before them that these 
tests were made prior to the date of that article, when 
proofs had been afforded that this system was most cer- 
tainly a valuable one. It was a national disgrace that, 
in the face of this invention, there should still be going 
on the enormous waste of public money resulting from 
4he fouling of the bottoms of our iron navy. 

Mr. 0. F. T. Young said he had listened with great 
-satisfaction to Mr. Mackie's paper. He had had many 
opportunities of observing the evils which resulted from 
the fouling of ships' bottoms, the effects of which had 
been in no way exaggerated by Mr. Maokie. The idea 
was still held that the copper bottom of a vessel kept 
clean because it was of itself a poisonous material. 
However poisonous it might be in itself, it had not a 
destructive effect upon the organisms which infested the 
"bottoms of ships. The rapidity with which this fouling 
jproceeded was hardly to be credited. The Southampton 
pilot boats, during the summer months, had to lie 
ashore every fortnight to clean off the fouling, and 
the St. Maur pilots had to do the same. It 
was stated that the Gloire and other French iron- 
clads had on an average passed 55 days each in 
dock during a period of little over 14 months, only_ to 
-remove the fouling. With regard to the cost of keeping 
ships' bottoms clean, it was stated that the P. and O. 
Company spent £70,000 annually, simply for keeping 
their ships' bottoms clean. One iron ship of 800 tons, 
which had been eight months in a warm latitude, had 
30 cart loads of barnacles taken off her bottom, an esti- 
mated weight of 28 tons. It was calculated that our 
iron-clads had each to spend 14 days every six months 
in dock to remove the fouling, although they were fre- 
quently hogged. The iron steamer Megcera was found 
to incur an increased cost in running of £23 per day 
through having a foul bottom, the same amount of fuel 
only producing seven knots an hour in place of ten. It 
iad been proved, from careful tests made with the Dublin 
and Holyhead mail steam packets, which were very fast 
boats, tiiat, after they had been out of dock two months, 
their speed uniformly fell off from half a mile to one 
mile per hour, from fouling only. With regard to the 
alleged poisonous effects of copper, anyone who had seen 
the oysters on the coast of Cornwall knew that they were 
perfectly groeu coloured from being impregnated with 
•copper, so that it was impossible to eat them, and yet 
they lived and thrived. Eighty tons of barnacles were 
taken off the copper bottom of an old wooden ship 



which was broken up some years since. About a 
year and a half ago an experiment was tried, at the 
instance of the Scottish Shipbuilders' Association, as_ to 
the powers and advantages of the so-called poisoning 
process. The four quarters of an iron plate were 
each thickly coated with the most poisonous compounds 
that could be found — arsenic, corrosive sublimate, &c., 
and the plate was immersed in sea-water for some 
months. When taken up it was found to be in the 
most foul condition possible, and it so happened that 
the largest barnacle of all had placed itself at the 
junction of all the four compounds. It would hardly 
be believed that there were persons who, even at the 
present day, would deny the existence of galvanic 
action ; but it would seem that this idea was held more 
generally than would at first be supposed, when we 
found the use of yellow metal and copper on iron 
ships still adhered to in the navy. Mr. Young called 
the attention of the meeting to a piece of iron plate 
on the table, which had been experimented on, by 
covering it with Muntz's yellow metal, insulated from 
the iron by vulcanised india-rubber, and although the 
edges were protected so that no water could get be- 
tween the copper and the iron, yet, after having been 
immersed for several months, the iron was found to be 
very much eaten away, owing to the galvanic action. 
The Achilles, when docked at Plymouth, was found to 
have her plates eaten in from yV t° iV °^ ^^ ^^'^^ deep, 
and was very foul. Numerous other instances were 
given. The Royal Oak iron-clad, with a coppered bottom 
on a wood sheathing, was found to have had her plates 
eaten by corrosion to the depth of three-eighths of an 
inch in less than eight months. With regard to the 
employment of poisonous paints, if the barnacles held on 
by their mouths there might be some sense in using 
them, but they hold on by their feet instead. Some of 
the barnacles taken off a plate painted with arsenic were 
boiled and given to a cat, and the animal died with all 
the symptons of arsenical poisoning, while the barnacles 
themselves remained wholly unaffected by the com- 
pound. 

Mr. BoTLY said they were much indebted to Mr. 
Maekie for the paper he had read; it was a matter of 
the greatest importance, not only to the Society, but to 
the country at large, that such a subject should have been 
brought forward. The paper treated of two great im- 
provements in the construction of iron ships, viz., the 
lap-joint for the plates, and the zinc sheathing as a pro- 
tection against fouling. Both these matters were of the 
utmost importance, and deserved careful consideration. 
Mr. Campin asked whether the action of the zinc 
sheathing, in keeping off the barnacles, was supposed 
to be due to the electric current, or merely to the wearing 
away of the surface of the zinc. 

The Chairman said the paper sufficiently explained 
that it was the slipping away of the surface of the 
zinc from the feet of the barnacles, by exfoliation of 
the metal, which kept the bottom clean. 

Mr. Blagkie inquired whether the zinc to be used for 
sheathing was prepared in any special manner, different 
from the ordinary mode of manufacture. 

Mr. Magkie replied that the zinc was prepared in the 
usual way. It might, however, be found desirable to 
adopt some annealing process, to get rid of any extreme 
rigidity of the metal. 

Mr. Blagkie remarked that those who had zinc water- 
cisterns would probably have observed that an incrusta- 
tion took place on the zinc. He would like to know 
whether the action of fresh water on zinc was different 
to that of sea water. 

Mr. Magkie replied that fresh water would produce a 
deposit on the zinc by evaporation ; but when iron was 
present, salt water set up a galvanic action between the 

two metals. . , ,, .. i. 

Mr. Blagkie then called attention to the question ot 

the expansion and contraction of zinc as compared with 

iron, and expressed his opinion that there was great 
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liability of the zinc crEicking. He would also like to be 
iaformed as to what would be the cost of plating a ship 
with zinc as compared with copper, the coat of cleaning 
being added. The cost of sheathing a vessel's bottom 
with zinc, he apprehended, would be considerable, and 
it appeared it would require to be renewed, owing to 
the wasting of the metal, in the course of a few years. 
The question, therefore, arose, whether the cost would 
not be greater than that of docking the ship occasionally, 
and clearing off the fouling. 

Mr. E. J. Beed (Chief Constructor of the Navy) said 
the paper appeared to be a very able and interesting one, 
but one or two things had been said in it which he could 
not allow to pass without notice. He thought the 
theory enunciated as to the weakness of the butt-joint, 
viz., that there was liability of the joint breaking at the 
line where the plates touched, was erroneous; in practice 
it was found that fracture, when it did occur, took place 
in the line of rivets. He did not say the butt-joints 
never broke at the line of junction ; but, when they did 
so, it arose from the fibre of the iron in the butt-strap 
being put across, instead of lengthwise. His opinion 
was that, with ordinary good iron shipbuilding work, 
when pains were taken to put the fibre of the iron in the 
direction of the fibre of the plate, and with a slight 
increase of thickness of the butt-strap, it was not found 
that the butt broke in the way suggested in the paper. 
With regard to the subject of fouling, he might say that 
to his certain knowledge it had been a matter of most 
anxious consideration, and also of experiment, by the 
Admiralty ever since the introduction of iron ships into 
the navy. For two or three years the late Board of 
Admiralty and the Controller of the Navy sanctioned 
a large number of experiments with anti-fouling and 
other compounds, but with, he was bound to say, no very 
satisfactory results ; indeed there seemed little promise 
of anti-fouling compounds doing all that was desirable 
in keeping iron ships' bottoms clean. He thought 
much was yet to be done in that direction ; particularly 
by getting rid of the irregularities of the surface of the 
immersed bottom, and making it perfectly flush and even, 
so that it could be easUy cleaned by being brushed while 
afloat, as was done in former times with wooden ships. 
But still he thought any advantage thus obtained 
would be very inferior to an arrangement which 
would secure a permanently clean bottom. The 
system described in the paper was certainly entitled 
to great consideration, in spite of any little difficulties 
that might at first appear to belong to it. For in- 
stance, at first their appeared to be considerable difficulty 
in caulking the joints, but his own feeling was that in 
a matter of tms magnitude and importance mere 
mechanical difficulties of this kind would soon be got 
over. We had already encountered, and were still en- 
countering very much larger difficulties, and we 
could not now afford to be deterred by trifles from 
adopting any real improvements. He might, however, 
say that no experiments had yet been made with this 
invention, which would carry complete conviction to the 
Government. The minds of all those persons who were 
responsible must first be fully satisfied. For his own 
part he did not attach much value to the experiments 
at Shoeburyness ; moreover, they were on too small 
a scale to warrant the formation of any conclusion 
upon them. In many instances, no doubt, when the 
copper sheathing had been placed in contact with 
the iron, a most destructive galvamic action had 
taken place, but in the case of the Soyal Oak and 
some other vessels, a layer of wood was interposed 
between theiron and the copper, and he could state that 
galvanic action had now been perfectly prevented. The 
inspection of ships on the Mediterranean station showed 
that the iron plates, insulated from the copper by only a 
single layer of wood, remained perfect. He entreated 
those who had the success of this invention at heart to 
make experiments on a large scale, such as would satisfy 
the Government. He believed the Portsmouth experi- 



ments were valuable, though he knew they were not 
conclusive to some persons who saw them. The inertia 
which was charged against the Admiralty in this matter 
was equally applicable to private shipowners, for he was 
not aware of tlus system having been adopted by them 
any more than by the Government. 

Mr. Young remarked that it had been found that the 
wood sheathing on the iron plates was an insufficient 
insulation. Tms had been shown in the French and 
Spanish vessels. The plan might answer if the ships- 
were not exposed to heavy seas; but by these and 
other violent shocks, contact between the iron and 
copper was often produced, and galvanic action was 
set up. 

Mr. Mackie, in reply upon the discussion, said he was 
glad to have had the pleasure of listening to the remarks 
of Mr. Reed. That gentleman, he was sure, knew 
enough of him personally to be quite aware that if he 
used strong language in reference to the proceedings 
of government, it was not out of personal animosity 
or a desire to attack the government, or their officials, 
but simply because one who attempted to act upon the 
inertia always existing in government departments 
must express himself strongly, or he would have no 
hope of being listened to. With regard to the ques- 
tion of the cost of sheathing with zinc, it was stated 
in the paper that it would probably be one-third that 
of copper. The copper required to be replaced on 
wooden ships every three or four years, while zinc 
would last, at a minimum, from five to seven years, and 
might be made to last from twelve to fourteen years, 
according to the thickness of it. With regard to the 
question of the expansion of the zinc, he believed the 
difference in the amount of expansion and contraction 
between the zinc and iron would be very small in tem- 
peratures only ranging from 60° to 70° or 80°, and 
would not be greater than would be relieved by a 
slight buckling of the zinc plate. He had not been 
able to go fully into aU Mr. Daft's ideas with regard to 
the jointing of iron plates, but he had no disposition to 
measure his own experience in that matter with that of 
a gentleman like Mr. Eeed. He did not gather, how- 
ever, that Mr. Reed considered Mr. Daft's joint to be 
weaker than the butt-joint. On the question of putting 
the copper sheathing on iron vessels over wood planking 
as an insulating material, he accepted Mr. Reed's state- 
ment of the result as perfectly correct. Still it must be 
borne in mind that water wovild percolate wherever 
there was a crack, and so long as connection was made 
by the water between two opposing elements, so long he 
thought there was danger of corrosion by galvanic action. 

Mr. Reed said he should be sorry it should be supposed 
that he had implied that the plan of placing the copper 
sheathing on wood, as an insulating material, was quite 
satisfactory. If the plan described in the paper were 
successful, it would be immeasurably superior. 

Mr. Magkie was glad to hear that remark from Mr. 
Reed. He agreed with that gentleman that it was essential 
this system should be tried on a larger scale than it had 
been ; and that this might be done was one great reason 
for his bringing the subject before this meeting. With re- 
gard to the putting a wooden layer to receive the copper 
sheathing, tiiere was this further objection to it, that 
whatever quantity of wood was put on the outside of 
the hull, it practically increased the size of the vessel, 
and, to that extent, increased the amount of resistance ; 
and for every square foot of such increase there was a 
loss of one nominal horse-power. With regard to the 
carrying out of experiments on a large scale, he 
would ask was the inventor of this plan bound to 
build a vessel at his own expense, send it to 
sea, and keep it there a sufficient time to afford 
a thoroughly satisfactory test of the merits of the 
system p Mr. Reed might possibly be right in say- 
ing that the experiments at Shoeburyness were worth 
nothing ; but the experiments at Portsmouth were car- 
ried out under official authority, and he was going to 
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say nearly officially spoilt. If this system had merit, let 
it he tried on a proper scale ; if it had no merit he (Mr. 
Mackie) would be amongst the first to give it up. By 
this system the sheathing could be applied to the hull of 
the ship direct. If it required any insulating material, 
however thin, it did not realise what was claimed for it. 
He might add that, if the Government took experiments 
in hand at all, the least they could do was to carry 
them through ; because, if they did not, they put the 
inventor in an unfair position. He beUeved the system 
would have been tried in the mercantile navy ere this, if 
the trial experiments had not been in government 
hands ; but that being the case, people naturally waited 
the result of the government trials. He, therefore, said, 
let the inventor try an experiment according to his own 
plans. Let him have some small iron vessel, even a con- 
demned one, and let it be sheathed on his system. If, 
then, it was found wanting, let it be given up. 

The Chairman said as to the importance of the subject 
treated in the paper there could be no doubt. It was a 
national question to overcome the difficulties which still 
attached to the use of iron vessels. Iron had been so 
completely proved to be the better material in naval 
construction that the Government had largely adopted 
it ; and yet there was one defect attaching to it, viz., 
that iron ships would foul very quickly. The means 
hitherto adopted were clearly insufficient as a remedy 
for the evil. The poisonous compounds spoken of he 
thought might be fairly dismissed from their minds as 
being playthings in connection with a very serious sub- 
ject. Copper sheathing appeared very inapplicable, 
for when in contact with iron it invariably had the 
effect of corroding it, because the salt water would 
percolate between the two metals ; and moreover, the 
copper sheathing itself would fail in its purpose 
from the want of exfoliation of the surface. With 
regard to the insulation of the two metals by the 
interposition of a wooden layer, he agreed with Mr. 
Beed, that the iron would be efifectually protected 
so long as no metallic contact took place. The mois- 
ture between the two metals would not be sufficient 
to set up galvanic action, the battery would be in the 
condition of an " open" battery, not a " closed" one. 
There was, however, great difficulty in maintaining 
perfect separation, because wire, even of ^-g inch 
gauge, was sufficient to transmit a considerable current, 
and produce a great amount of mischief upon the iron, 
and it was hardly to be supposed that the two enor- 
mous surfaces could be long kept perfectly separated 
•without metallic connection being formed between them. 
"What surprised him, somewhat, on hearing this paper 
was the very slow rate of exfoliation of the zinc. He 
had himself made experiments upon the action of the 
Bait water upon zinc in contact with iron ; and he found 
the zinc acquired weight up to about three months, but 
after that period a sensible diminution in weight took 
place. The author of the paper stated that the amount 
of the oxidation of the zinc was not more than If oz., 
or 2 oz., even if the exfoliation was made more active 
by an increased galvanic action. It would be interesting to 
ascertain whether there was any increased exfoliation when 
the ship was in motion. No doubt there would be some 
increase, but experiment would determine the amount. 
No doubt, chemically, zinc sheathing would protect 
the bottom of the vessel entirely, for even if a sheet 
of the metal were displaced, there would still be the 
influence of the zinc in contact with the iron. So far, 
then, the invention appeared to him to be an exceed- 
ingly promising one, and one which he thought should 
certainly be tried seriously by the Admiralty. With 
regard to the observations of Mr. Keed, he thought 
he had stated the case very fairly, and he believed 
personally he would be disposed to afford the invention 
every trial it required ; but, if the experiment at Ports- 
month was to be taken as evidence of the anxiety of the 
Admiralty to inquire into the merits of new inventions, 
he thought in this case an injury had been done to the 



inventor. There was nothing, he thought, more destruc- 
tive to the interests of an inventor than an imperfect 
trial. 

Mr. Reed thought it due to the Admiralty to say that 
the experiment was not initiated by them. They merely 
gave permission to Mr. Daft to put down some plates 
prepared on his system, but they were in no way pledged 
to go on with the experiments. At the same time, hav- 
ing gone to the extent they did, it might have been 
desirable that they should have continued the experi- 
ments further. He merely wished to say that the 
Admiralty did not initiate the experiments and then 
suddenly drop them. 

The Chaihman said that altered the case in some re- 
spects ; but he maintained that even the sanctioning of 
experiments implied, he thought, a continuation of 
them ; those who were practically acquainted with the 
difficulties appertaining to the introduction of inventions, 
would appreciate more than official personages could 
possibly do, the great hindrance caused by incom- 
plete experiments to the progress of an invention. If 
the intervention of the Government were entirely re- 
fused, the inventor was free to act as he pleased ; but 
from the moment ho placed his invention in the 
hands of the Government, he was practically shut out 
from the public until a verdict upon it had been pro- 
nounced. He thought the Government might spend a 
few thousands a year very well in making really serious 
experiments upon questions of this nature. Even if 
such an invention as this were tried upon a merchant 
ship it would be no i onvincing proof to the Government 
of its merit. The Government must make its own ex- 
periments to determine its value. With regard to the 
mechanical mode of joining the plates, he thought 
it sufficient for this invention if it was admitted 
that there was no inconvenience thus caused. He 
did not think any great weight was to be attached to 
the question of the buckling of the plates ; if the back- 
strap was carefully put on, there would be no fear of 
fracture unless, as mentioned by Mr. Heed, the back-strap 
had the fibre in the wrong direction. He thought Mr. 
Mackio had brought the whole subject very ably and 
fairly before them, and he was sure they could do no 
less than give him their thanks for having done so. 

The vote of thanks was then passed. 
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Akt at the Paris Exhiiiition. — The competition in 
sculpture will be between France and Italy, each of 
which nations is remarkably well represented. The art 
of sculpture, however, from several causes, scarcely tells 
with the same effect in the Paris Exhibition as in the 
London. In 1862 the history of English sculpture was 
traced back to Chantrey, Flaxman, Bacon, and Banks, 
and the number of works exhibited amounted to 300. 
The difficulty and danger of transit may, in some mea- 
sure, account for the fact that there are now not fifty 
pieces of English sculpture in the Paris building. The 
United States send Miss Hosmer's " Sleeping Faun," 
which acquired renown in the Dublin Exhibition. Italy 
again produces Magni's "Reading Girl;" also Miglio- 
retti's " Charlotte Corday," a figure which appeared in 
the Royal Academy of last year. These and other like 
works are striking examples of the realistic school for 
which Milan has long been famous; the detail is minute; 
flowers, delicately and elaborately wrought, give decora- 
tion ; and other accessories, such as the rush- woven bot- 
toms of chairs, are faithfully rendered in marble. This 
realistic school, which never fails to attract the multi- 
tude, obtains impressive results in the studiously wrought 
figure by Vela, " The last days of Napoleon I." There 
is in this work a mental expression which in decorative 
schools is often wanting. Aj-tizans wiU do well to study 
this manner of Milan, which has, in some measure. 
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grown out of the vast and long-continued demand for 
decorative sculpture for the cathedral. The style, it may 
be observed, is the reverse of severe and architectonic, 
and it has nothing of the Gothic or mediaeval element. 
The Gothic of Milan Cathedral was due to a German ; 
Italian sculptors are so much conmiitted to Canova that 
they do not readily submit to northern styles. The 
architectural screen which leads to the Italian courts 
should be noted by the decorative artist, as a summary 
of the Italian cinque cento. The three sister arts of 
architecture, sculpture, and painting are here associated 
after the manner of that epoch. The screen, or facade, 
is built up of columns, pUasters, friezes, cornices, &c. ; 
statues occupy the niches; arabesques, both pictorial and 
bas-relief, run up the panels ; the designs are derived from 
churches in Lombardy and the " Loggie " of Raphael. 
A fai;ade, less decorative but yot cognate in style, has 
been put up by Prussia, which is fitting in a nation still 
swayed by the Eenaissancc. The Boman sculpture court 
is not likely to make a display equal to 1862, when it 
formed a marked attraction. It contains, however, a 
grand group by Luccardi, professor in the Academy of 
St. Luke, "An Episode of the Deluge," which serves as 
a striking example of the modern Roman school. There 
is none of the repulsive horror which a French sculptor 
has thrown into an analogous composition. The senti- 
ment is softened by beauty ; the execution has delicacy ; 
the composition, t»o, has been nicely balanced. Tene- 
rani, a venerable leader in the Roman school, is absent ; 
the " Angel of the Resurrection," or " The Swooning 
Psyche," would have been welcome. The number of 
English sculptors resident in Rome who swell the con- 
tents of the Pontifical collection is less than in 1862 ; 
•works, however, by Mr. John Adams and Mrs. Chomeley, 
may be noted ; by the latter is exhibited an impressive 
head of Liszt, inspired by the portraits of Dante. It does 
not appear that the territoiies newly acquired by the 
kingdom of Italy have added materially to the picture 
and sculpture galleries. One painting comes from Venice, 
and a bust from Naples. Dupre, of Florence, as usual, 
asserts his individuality ; his " Piet V and a bas-relief, 
" The Triumph of the Cross," have an originality sel- 
dom found in the treatment of Christian subjects. 
Dupre, as the name implies, has more in common with 
French sculptors than Italian. The student, by a litUe 
attention, will not find it difficult, in the numerous works 
collected, to distinguish the schools into which modern 
Italian sculpture is divided. It will be well to remember 
that all spring alike from the Greek and ancient Roman; 
that the influence of Canova is for the most part patent 
everywhere, save when, by chance, a little naturalism 
has crept in. Beauty, imagination, delicacy of handling, 
with attendant weakness, characterize Italian styles. 

Collected Works op M. Ingres. — The exhibition of 
the pictures and studies of this great French artist already 
referred to, has been, within a short time, opened in the 
Imperial School of Fine Arts, Paris. The artist's family 
and friends, and Government authorities in the depart- 
ments, have combined to make the collection as complete 
as possible. Some important works, such as " The Apo- 
theosis of Napoleon I.," are wanting, yet the selection 
made is sufficiently varied and thorough to enable the 
student to form a correct judgment of the artist's talents 
and style. Ingres was the representative of a distinctive 
school, and, as such, his works are specially instructive. 
He commenced as a pupil in the cold, classic, and 
statuesque manner of David, from which, however, he 
freed himself, even in his earliest works, executed at the 
commencement of the present century. Ingres soon 
transferred his allegiance to the Italian Renaissance at its 
point of culmination under Raphael. The works which 
now in Paris best represent this aspect of high art are 
" The Apotheosis of Homer," and " The Martyrdom of 
St. Symphorien." The style is directly Roman and not 
Venetian. Form, severe and hard, is dominant over 
colour ; and the reflected lights and tones which the 
Venetians wrought into harmonies almost decorative in I 



brilliancy, were by Ingres ignored as facts in nature. The 
artist was also known in the spheres of imagination and 
portraiture ; " Ruggiero delivering Angelica," " Oedi- 
pus explaining the Enigma of the Sphinx," "The 
Odalisque," and " Cherubim crowned by the Muse of 
Mnsic," have long gained a European reputation. To 
professional pednters, the very numerous studies are 
specially instructive. They are after the manner of 
Raphael and the great Italian masters. Each figure, 
every piece of drapery, is wrought from nature; and 
figures draped in the ultimate composition are often, 
in the first place, drawn as studies in anatomy. It may 
be also added that this collection is of the greater interest 
because it can never be repeated. The high historic 
school, of which Ingres was among his contemporaries 
the last representative, has given place in France, as in 
England, to styles of a more popular character. The 
opposing school of the colourists, under Delacroix, gained 
supremacy. But though few artists wiU now venture on 
methods fallen into disrepute, no one can study the works 
of Ingres without profit. They teach the value of form, 
and expression through form. In London, in 1862, the 
painter was represented by a picture which excited much 
attention — " La Source." The proceeds of the present 
exhibition wiU be devoted to the promotion of art. 



Household Boiler Explosions. — It is mentioned in 
one of the reports of the Manchester Association that six 
explosions happened during the frost in the month of 
January to boilers in household use, and set in the 
greater number of cases in kitehens. In most instances 
these explosions were attended with fatal results, there 
having been five persons killed, and four injured. Con- 
sidering the number of these explosions, as well as their 
fatality, the subject appears to be one of much impor- 
tance, especially (says the report) since those most 
exposed to injury are domestic servants, totally ignorant 
of the danger incurred, and so many of them appear to 
suffer from these explosions on the recurrence of every 
frost, and will, it is feared, continue to do so as long as the 
present construction of these boilers continues unaltered. 
It is reported that all the exploded boilers just referred to 
were on the circulating system, and it is thought that 
the construction generally adopted affords an easy expla- 
nation of the frequency of their explosion. These cir- 
culating boilers are for the most part constructed with 
an overhead cistern connected to them by means of two- 
pipes, so that when the fire is lighted the steam and 
heated water rise through one of these pipes, and the 
colder water, from its superior gravity, descends through 
the other, and thus a regular circulation is set up, which- 
continues as long as the pipes are free, the supply of 
water kept up, and the fire burning. No arrangement 
can be safer as long as these conditions are complied 
with. The surplus steam finds a free escape from the 
overhead cistern, while the two open columns of water 
form two natural safety-valves to the boiler, and 
entirely forbid any pressure within it beyond that 
due by gravity to their height, so that there is- 
no more pressure within the boiler when the fires 
are burning, however brightly, than when the water 
is quite cold. It will readily be seen, however, that 
if the thoroughfare through the two connecting pipes 
were at any time to become closed, the conditions 
would be altogether altered, and, the steam having no 
longer any outlet, the pressure would inevitably accu- 
mulate within the pipes and boiler. This is just what 
takes place on the occurrence of a frost. The circu- 
lating pipes become choked with ice, when the pressure 
is bottled up within the boiler, so that if the fire bums 
brightly enough to raise the pressure to the ultimate 
strength of the plates, explosion must necessarily ensue, 
and the more hot water contained in the boiler, the 
greater ite force. These explosions, therefore, are attri- 
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bated simply to excessive pressure, and to prevent this 
it is recommended that every boiler should have fixed to 
it a metallic safety-valve, which, being unaifected by 
changes of temperature, would come to the rescue when 
frost sealed the other outlets. It may be added that 
should the water supply at any time run short, whether 
from frost or from being suddenly cut off by the water 
company, it might be well to withdraw the lire before the 
boiler can be run dry and overheated, not that it is 
thought that such serious consequences would result 
from the sudden re-introduction of the water, as it is 
very generally supposed, but the boiler, if heated, might 
be seriously strained and injured, although it is ques- 
tioned if it would be destroyed. It may easily be ascer- 
tained whether the boiler is supplied with water or not, 
by opening a test tap on the circulating pipes. 
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Beet Sugar in the United States. — It appears by a 
New York paper that the cultivation of the beet for 
sugar purposes in the United States has been commenced 
at Chatsworth, in Li%'ingston County, Illinois. The com- 
pany which took the matter in hand planted 400 acres, 
mostly fresh prairie, and raised a crop of 4,000 tons of 
fine beet, at a cost of i dollars a ton in the pits. The 
varieties were the white Silesian and the Imperial, and 
upon a test of various parts of the crop the average 
yield of fair refining sugar was found to be 7J per cent., 
and this was afterwards confirmed by analysis made at 
Belcher's sugar refinery, St. Louis. A number of barrels 
have been made, and the works are now in operation 
and when all the roots are worked up, the yield 
must reach nearly 400,000 lbs. of refined sugar. There 
is always delay in starting new works and machinery, 
but this delay has been of use in settling the question 
whether beetroot can be kept in America during the 
autumn and winter. It is found that the loss during the 
four months was only 1 per cent., and the conclusion of 
this vast experiment is, that beetroot can be grown on 
the raw but rich soil of the West, as well as on the highly 
fertilised soils of Belgium and France ; that the yield of 
sugar is almost precisely the same, and that the roots can 
be kept till they are wanted. The importance of these facts 
can scarcely be over-estimated, for the prairie region is 
equal in extent to England, France, Spain, and Portugal 
combined, and on almost every acre the beet can be cul- 
tivated ; while underlying the soil are inexhaustible beds 
of coal, and the Western people are fully competent to 
enter upon this new enterprise with energy. A beet 
sugar crop on these prairies will be of greater value than 
the com crop, so that the importance of the successful 
issue of this experiment cannot be overrated. England 
and the United States were the only two great consum- 
ing countries of cane sugar left in the temperate zone, 
the continent of Europe being almost entirely supplied 
by the beet. A sixth part of England's consumption last 
year was drawn from the beet, and although she has not 
yet made sugar from it, the plant grows luxuriantly 
throughout the land. The supremacy of cane sugar in 
the States is now threatened, and it is perfectly evident 
that the only hope of cane planters is in improved 
machinery, and not in vain hopes of higher prices. With 
proper machinery and cultivation they need have no fear, 
but these neglected conditions are now essentials. 
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Statistics op Nova Scotia. — The following informa- 
tion has been kindly forwarded by a correspondent : — 
The area of Nova Scotia comprises 13,530,237 acres, of 
which 6,214,944 have been granted, while 7,315,293 are 
in the hands of the Crown. About one-fifth of the 
latter quantity is supposed to be fit for cultivation. 



The population is estimated at 370,560. The annual 
death-rate is 20 in 1,000. Of the deaths registered in 
1866, the causes are thus specified in the following 
cases I — Tubercular consumption, 22 per cent. ; old age, 
8 per cent. ; diphtheria, diarrhoea and dysentery, typhus- 
and infantile fevers, 4 per cent. each. Eighteen out of 
100 deaths were beyond the 70th, and nine out of 100 
beyond the 80th year. There were five suicides last 
year, and four murders. The cases of violent death, 
amounted to 181, 76 of which occurred by drowning., 
The revenue for the year ending Sept. 30, 1866, was> 
2,080,180 dollars; the expenditure, 1,961,340 dollars.. 
The imports of the year amounted to 14,381,008 dollars-; 
the exports to 8,043,095 dels. Principal items of export : 
— Horned cattle, 4,339 ; sheep and lambs, 10,142 ; butter 
and lard, 723,1671bs. ; cheese, 17,4041bs. ; coal, 399,709 
tons; codfish, 33,561,2841bs. ; scalefish, 5,114,9841bs.; 
herrings, &c., 154,560 barrels; mackarel and shad, 
100,385 barrels ; apples, pears, &c,, 19,203 barrels ; 
gypsum, lime, and plaster, 74,892 tons ; fish-oil, 192,137 
gallons; vegetables, 2,172,450 bushels; boards (plank), 
56,832,725 feet; firewood and lathwood, 39,482 cords; 
laths and palings, 801,800 ; shingles, 14,058,450 ; staves, 
hoops, &c., 3,966,114. The number of registered vessels 
is 3,509 ; tonnage, 400,895 tons. The number of tons of 
coals raised during the year was 684,685, the royalty on 
which amounted to 52,840 dollars. T'he gold mines 
produced 24,162 ounces of gold, value 483,240 dollars. 
The number of passengers conveyed on the railways 
was 149,533. There are two lines of railway open,, 
from Halifax to West Elver, 81 miles, which will be 
completed to Picton, 19 miles further, shortly, and 
from Halifax to Windsor, 45 miles. Another line, from 
Windsor to Annapolis, 80 miles, is commenced. The 
total number of letters mailed last year was 4,863,845 ; 
number of newspapers, 5,390,155. The greatest degree 
of heat at Halifax was 87'5 ; the greatest degree of 
cold, 15'7. Eight years ago the Provincial Hospital for 
the Insane was opened ; number of patients admitted,, 
417; recovered, 154; relieved, 38; unimproved, 15; 
died 53 ; remaining, December 31st last, 157. 

Victorian Finance. — The treasurer has been able to 
state that though the revenue for 1866 had fallen con- 
siderably below his expectations, the savings on the 
votes of the year had been proportionately large. The 
total receipts were £3,322,887, a sum which met the ex- 
penditure, and left a balance of £1,108 to be carried to 
the service of 1867. He estimated the total revenue for 
the current year at £3,380,186, and the expenditure at 
£3,379,078, leaving a surplus of only £242. The esti- 
mates contain a great variety of works, but not any of 
great importance. The Treasurer put it to Parliament, 
however, that it was better to meet this large expendi- 
ture by fresh taxation, than to postpone useful public 
works. The additional revenue necessary to meet this 
large public expenditure he proposed to raise by an in^ 
crease in the duties upon imports, and by adding to the 
list of dutiable goods many articles hitherto exempt. 



♦- • 

Sir Eohert Smirke, P.A., a distinguished architect, 
died on Thursday, the 18th instant, at the age of 87.. 
His father was an eminent artist, who, in his day, en- 
joyed a considerable reputation as a historical painter, 
and his two sons, Robert and Sydney, both obtained 
high distinction as architects. Robert studied for some 
time in the office of Sir John Soane, and subsequently 
spent several years in Italy, Sicily, and Greece. He 
was elected a Royal Academician in 1813, and in 1823 
was entrusted with the building of the British Museum,. 
and shortly after with the new Post- Office ; these, and 
the restoration of York Minster after its destruction by 
fire, in 1829, being among the best known of his public 
works ; Lowther and Eastnor Castles are among the best 
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specimens of private mansions built by him. Having 
been many years architect to the old Board of Works, 
he was knighted in recognition of his services, when, in 
1831, that Board was reconstituted. For a short time 
he held the office of treasurer to the Royal Academy, 
but relinquished that appointment on going to reside 
at Cheltenham in 1860; and a few years ago, finding his 
declining health materieJly interfering with the efficient 
discharge of the duties of a Eoyal Academician, he re- 
signed its honours that they might be conferred upon a 
younger and more active man. Sir Robert Smirke, in 
1819, married a daughter of the Rev. A. Freston, rector 
of Edgeworth, in Gloucestershire. 



MEETINGS FOR THE ENSUING WEEK. 

MoN K. United Service Inst., 8J. Commander P. H.;CoIomb, 

R.N., " Lessons from Lissa.'* 

British Architects, 8. 

Actuaries, 7. Mr. W. M. Malceham, " On the Law^of Mor- 
tality." 

Medical, 8. 

Asiatic, 3. 

Social Science Assoc, 8. General Meeting of Health De- 
partment. 

Philosophical Club, 6. Annual Meeting. 
Tubs ...Royal lust., 3. Prof. Blackle, " Plato." 

Antiquaries, 2. Annual Meeting. 

Civil Engineers, 8. Discussion upon Colonel Sir William 
Denison's paper on "The Suez Canal;" and, time per- 
mitting, Mr. James T. Chance, " On Optical Apparatus 
used in Lighthouses." 

Anthropological, 8. 
Wed ...Royal Inst., 2. Annual Meeting. 

Society of Arts, 8. Mr. J. Pratt, " On a Machine for Type- 
writing." 

Obstetrical, 8. 

R. United Service Inst., 8|. Capt. Cowper P. Coles, R.N., 
"The Turret v. the Broadside System. 
Thue ...Linnsean, 8. Mr. John Miers, " On Crescentie»." 

Chemical, 8. 

Royal Society Club, 6. 

Royal Inst., 3. Prof. Huxley, " Ethnology." 

Artists and Amateurs, 8. 

Royal, 8J. 

FBI Royal Inst., 8. Prof. Blackic, " Music of Speech in Greek 

and Latin." 

Philological, 8. 

Archieological Inst., 4. 
Sat R. Botanic, 3{. 

Royal Inst., 3. Prof. Huxley, " Ethnology." 
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From Commissimers of Patents' Journal, April 19th, 
Grants op Provisionai. Protection. 
Bells, steel— 940— B. Parmer and T. Balmforth. 
Boilers— 1003— W. Stafford and W. P. McCallum. 
Boilers, Ac- 988— W. Clark. 
Bottles— 1033— W. Dennis. 
Bottles, Ac— 916— N. Thompson. 
Boxes— 978— W. R. Lake. 
Bricks, &c.— 954— W. Clark. 
Bridges, suspension— 994— A. S. Hallidie. 
Bridles— 1001— A. G. Hills. 
Brooms— 958— H. A. Bonneville. 
Carriages, hoods for— 945— J. Macnee. 
Cartridges, Ac— 9s9— J. F. Reeves. 
Cigars— 9B9— J. Prentice. 

Coal, &c., machinery for getting— 964 — J. G. Jones. 
Oopying-press— 986— W. Clark. 
Designs upon paper, producing— 947— W. B. Woodbury and R. H. 

Ash ton. 
Engine, hydraulic— 953— W. E. Newton. 
Engines, locomotive— 977— J. J. and A. Meyer. 
Eire-arms— 962— F. J. Manceaux. 
Fire-arms, breech-loading— 961— F. Hahn. 
Fire-arms, breech-loading- 963— J. Whitworth. 
Fire-arms, breech-loading— 1007— W. R. Lake. 
Fire-arms, breech-loading— 1023 — W. A. Gilbee. 
Fire-bars— 906 — J. Grundy. 
Flax, &o., preparing— 841— J, Spencer. 
Flax, etc., preparing— 948— R. H. Collyer. 
Flowers, &c., artiflcial- 981— T. B. Robinson. 
Fluids for illuminating purposes — 965— C. D. Abel. 
Fuel, means of readily igniting— 974— H. A. Bonneville. 
Furnaces- 944— T. Prideaux. 
Gas— 819— J. Greenshields. 
Gunpowder— 960— F. Hahn. 
Hats— 84;^-J. E. Ward. 



Horses, &c., apparatus for clipping — 982 — J. Shanks. 

Iron, Ac, smelting— 922— E. H. Aydon and E. Field. 

Looms— 987— W. Clark. 

Looms— 991— J. Whitehurst and T. Walsh. 

Looms— 1011 — E. Pilling and J. Harper, 

Looms— 1017— D. Ellison. 

Looms— 1031— R. Neild, T. Smith, and J. Yates. 

Metallic plates— 949 — J. Fleming. 

Metals, ornamentation of — 932— G. Davies. 

Motive-power machinery — 1059 — H. Forbes. 

Mowing machines- 918— J. Howard and E. T. Bousfield. 

Needles- 999- J. W. Scott. 

Oil cake pres^s — 967— J. Harker. 

Paper, (fee., machines — 914 — W. Wood. 

Petroleum, Ac, utilizing heating properties of — 930 — ^A. Barff and 

J. Kidd. 
Pictures, opalline — 955 — G. Higginson. 

Pocket-books, Ac 3429 — G. Haseltine. 

Printing surfaces in reliefer in intaglio — 968 — C. E. Broomaa. 

Pump, rotary— 833— J. H. Winder. 

Pumps— 1027— W. Adair. 

Rowing apparatus — 943 — E. S. Jones. 

Safety-lamps — 992— E. H. WaldenstrSm. 

Scale-board - 1051— W. Clark. 

Sewing machines — 970 — A. V. Newton. 

Sewing machines — 1057 — W. N. Wilson. 

Ships, apparatus for propelling — 1039 — W. W. Hughes. 

Ships' lights— 966— W. R. Lake. 

Signals, railway — 879 — J. S. Morton. 

Signals, railway — 950 — S. Lilley. 

Signals, railway — 959 — J. Randall and C. Adams. 

Signals, railway— 1021 — J. G. Tatters. 

Spoons, forks, Ac. — 1055— D. J. Fleetwood. 

Stables, Ac, fittings for— 993— J. Musgrave. 

Stirrups— 912— W. Clark. 

Stoves— 936-B. W. Ball. 

Sugar machines — 930 — W. E. Newton. 

Tanning machines — ^920 — W. R. Lake. 

Taps— 928— E. Canton. 

Taps, Ac— 1037— G. Stuart. 

Telegraph cables, apparatus for laying — 1015 — J. M. Kllner. 

Telegraph wires, coupling — 951— J. J. McComb. 

Telegraphs— 908— C. D. Abel. 

Telegraphs, submarine — 1053 — G. Little. 

Travelling bags— 1041— J. Drew, E. Southwell, and H. White. 

Umbrellas, Ac. — 926 — J. A. Simpson. 

Valves-1029-H. Wilson. 

Ventilators -941— R. Canham and F. W. Kreut. 

Water-closets- 597— W. E. Gedge. 

Water-meter and force-pump — 1045 — W. R. Lake. 

Wool, Ac, preparing — 946 — S. M. Grover. 

Wool, Ac, spinning — 1009 — J. Ladley. 

Wool, Ac, washing — 1013— J. Petrie. 

Woollen yarns, apparatus for covering with an outer thread — 1047 — 

G. F. James. 
Yarn, Ac, manufacture of— 938 — W. Bywater. 
Yarns, preparing— 934 — W. Wood. 
Yarns, twisting— 910 — F. N. Taylor and J. Lodge. 
Zinc, separating from certain minerals — 997 — P. Spenoe. 

Patents Sealed. 



2729. R. T. Williams. 
2732. A. Field. 
2742. E. Mignot. 

2745. H.D.Plimsoll,J.B.Davies, 

and W. R. Dawson. 

2746. C. B. Brooman. 

2747. Sir E. F. Piers. 



2748. H. S. Coleman and A. G. E. 

Morton. 

2749. J. C. Stevenson. 

2750. F. Taylor. 
2823. W. Clark. 
2909. G. Shaw. 
2968. J. Harding.; 

981. E. Walton. 



From Commissioners of Patents'' Journal, April 23rd. 
Patents on thigh the Stamp Duty op £50 has been Paid. 



966. G. Haseltine. 

974. G. Davies. 
1032. J. J. Smyth. 
1055. J. White. 
1081. R. A. Brooman. 



990. A. C. Fraser. 
996. H. Wadkin. 
1008. A. Leigbton. 

1017. G. F. Harrington. 

1018. J. Thompson. 



Patents on which the Stamp Ddtt of £100 has been Paid, 

974. J. Fowler, W. Worby, and 1 1020. D. G. Berri. 
D. Greig. | 1042. J. G. West. 



4^ 

4852 — April 5th— Magic lantern— Jas. Parkes and Sons, Birmingham, 
4853— April l2th-Tourist's desk— T. Drayton, 1, Holford-square. 

4854— April 16th— A bucket— T. Whitfield and Co. B'rminghara. 
4855 — April I7th— A brace link— Martin and Harris, Birmingham. 
4856— April 24th — Design for the prevention of smoke in fomaces — 
J. Hatton, 76, King-street, Coventry. 



